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A.2.2.2 Creosote Emissions
A.2.2.2.1 Development of a Creosote Emission Factor

Evaporation has long been recognized as a major cause of creosote
depletion from treated poles in storage and in line. Studies of creosote
depletion caused primarily by evaporation from poles in storage stocks have
shown that on the average as much as 50 percént or more is lost within 3-5
_ye-ars.1

A laboratory evaporation test was included as a part of the 1958
Cooperétive Creosote Project.2 The different straight, fortified and blended

creosote solutions that were evaluated during the test are presented

below.
Physical Characteristics of Preservatives in 1958 Cooperative Creasote Project
Sumplo R . . A B [ D B F G " 1 J K
(reu A Crew. D 705, A TO%. 1) LA DY D
with with with Y,
Deucription. . .. et eean Crea. 2"/0 Panuz. Creo. Creo. 2Y% Peatx Creu. Cres, 304, Conl Tar Petroleum Ot
Weter, %.. ... . .. ... . - 0.8 0.1 © Tracs 0.3 0.1 0.1 0.7 0.5 1.1 1.2 0.3
Benzene Insoluble, 9% ... ._... 0.1 0.2 0.1 0.1 0.2 0.2 0.2 2.6 2.6 0.6 0.4
-
Coke Residue, 0 ... ..., 1.1 2.6 0.6 0.3 3.0 0.8 9.8 6.6 6.9 7.4 7.1
Viscosity st 210° F. (epeale)____ 1.46 1.17 1.68 1.484 2.15 2.27 2.11 2.75 3.02 4.36 5.54
Speuhr Gravity,
8%.0°/15.5° C. :
Whole Oll emea 1,070 1.087 1.082 1,092 1.106 1.108 1.106 1.100 1.113 1.087 1.06%
286° 1o 3!5"' ( fmctlon ...... 1.089 1.055 1.048 1.0685 1.070 1.058 1.066 1.038 © 1.048 1,08 1.028
$16° to 366° (. fraction.._... 1,118 1.117 1,117 1.119 1,128 1.116 1

L1 1109 1.116 1.040 1.066

Distillation (AWPA A 1)
Weight Percenl to:
210°

e e 0.8 0.9 O, [ . 0.5 0.3 0.5 0,2
255° ( ' e inimeneaee-w.- 10.3 6.3 0.0 0.0 0.0 0.4 0.0 8.7 1.0 3.4 0.4
Zr00 G L0 ULIIITTITINT g0l 36.2 24.1 12.7 12.4 4.4 5.2 329 17.1 20.4 5.0
316 (.. P - 60.0 68.5 62.0 . 48.7 3iL.6 40.3 50.4 43.7 387.7 25.3
a65° C, . . e B2.2 9.4 X1.8 2.2 .7 12.2 8.0 67,3 66,7 51.4 5t.3
Residue nt 365° C.. . __.__. 17.4 20.3 18.8 17.4 20.2 2T.7 21.5 12.2 33,0 £K.0 48.6
Residue pt 400° Co.._ ... . 5.4 10.5 4.8 4.1 - 5.6 4.8

Distillution (5-ball cu-un.n)
Weight [:wrcem. (78

210° ¢, .. ... 63 - i ) 0.7 0.9 1.7 5.4 2.7 2.3 1.1
280 ¢, L.l 26.7 . 6.4 4.8 4.6 5.4 21.0 5.3 10.4 3.4
2 ¢ Lila.. 46.6 N §5.1 26,8 __... 14.2 15.8 37.2 27.4 24.7 14.4
215° .. e 1 58.4 5% - 42.0 46.1 53.3 4%.5 35.9 31.7
3565° €. . Cieeee-.-- HLLM . . ¥0.6 80.0 e 2.0 76.1 9.0 68,9 68,98 71.9
Residue by ditference). . .. 18.2 3 q0.1 2.1

....... 18.4 20.¢ e .- 23,0 23.98 3.0 31.

Post sections treated with the creosotes and creosote-penta solutions
to retentions of about 8 pcf by the empty cell process were open-stocked
indoors and weighed periodically over a period of 7 years to determine

vapor losses. The results of the evaporation tests are shown in Table A2
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The data show that the vapor loss pattern is in most cases already set after
one week of exposure and is correlated with the amount of distillate below

270°C and the amounts of distillation residue at 355° and 4OO°C.2

A -B [+ D B ¥ G

il : 'A\'z. ) Avg. is Avg B AvVEg o Avg. 8 Ave % Avyg. s

Retention, % (). . ... 20.2 4.8 18.2 2.0 20.6 4.2 12.0 65.3° 20.2 2.9 23.9 5.7 24.5 5.4

Vapor Laas, % (b) ! .
.lw;mk.._fo_.(_-_- cee. 3.5 1.0 7.6 2.9 1.8 2.2 6.1 1.6 3.8 1.4 4.2 1.6 5.5 2.0
S wenks. o oeaieea oo 16.5 2.7 156.9 3.7 16.1 5.8 18.8 2.8 9.7 2.7 $.b 2.2 11.7 g.d
9 woolks_ . 80.9 6.1 27.3 4.9 26.0 5.6 24.9 5.0 17.8 2.8 16.6 2.8 21.0 2.2
1 yerr 37.5 2.8 32.8 9.9 35.9 4.6 30.1 8.7 2i.6 2.2 21.8 2.7 7.7 g_e
6 yeamm. 41.8 2.2 3.9 2.8 41.9 3.6 24,1 2.6 26.4 2.7 26.56 1.6 '534 ;._il
O 1 45.7 2.3 8.2 2.8 46.2 3.7 38.6 8.9 50.8 8.5 80.4 2.9 3.5 2.6

() Based on original weight of untreated pest sections.
(b) Based on preservetive retention xitac bleeding losu.
Number ol poats in each grogp==6.

The effect of the addition of 2 percent pentachlorophenol in reducing

vapor loss is of special interest. The post sections with creosote-penta

solutions B and E Tost about 8 percent less in 7 years than those with creosote

A and D respectively which were used for making the solutions. The reason
could be the formation of high—boi]ihg reaction or condensation products.
Though thermally unstable, the presence of such products in creosote would
Tower its vapor pressure and thus stow down vapor 1055.2

In anothef study of creosote treatment in 1954,3 about 150 seasoned and
green southern pine poles were treated to different.nominal retentions with
Tow-residue (20 percent residue) or high-residue (40 percenf residue) creosote
and subjected to various after treatments. The 10-foot top and bottom sec-
tions of each pole were installed in a Florida test plot; the middle section
was analyzed to determine retention and distribution of preservative. Three
years later, top and bottom sections from 36 of the poles were selected at
random from replicate, pulled and analyzed at above groundline and below
groundline locations. After an additional 7 years, top and bottom sections
from 24 other poles were removed and analyzed but only at the groundline

location. The major conclusions drawn from the groundline analyses of the
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pole sections exposed for 3 years were confirmed by the results of the
analyses of the group exposed for 10 years, and the following was concluded
with complete confidence:

1) Movement of creosote and creosote residual intoc the cuter 1/8
in., the 1/8 to 1/2 in., and the 1/2 tb 2 in. zones immediately at and
below the groundline is a major factor in the long-time preservation of
southern pine poles against decay and insect attack.

2) Movement of creosote and creosote residual into the groundline
location continues for more than 3 years after installation of the poles.

3) Movement of creocsote and creosote residual is more pronounce in
poles treated in seasoned condition than in poles treated in green condi -
tion. Since bleeding can be regarded as visible evidence of movement, the
greater movement in seasoned poles substantiates the generally accepted
observation that bleeding is more severe ih seasoned poles.

4) Movement of creosote and creosote residual usually increases
with retention. Even substandard poles containing 5 pcf or less creosote
by boring assay show definite movement of preservative towards the gound-
line; however, the movement is insufficient to protect such‘pOTes. The
]ack of an adequate reservoir of creosote or creosote residual above the
groundline accounts, at least in part, for the early failure of substandard
poles. |

5) Movement of creosote and creosote residual into the groundline
location is usually greatest in the outer 1/8 in. zone and smallest in the
1/2 to 2 in. zone.

6) Vapor loss from all gr&&ndline zones of southern pine poles treated

with 20 percent-residue creosote was high, averaging about 9 percent per
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year over the first three yeafs of exposure, about 4 percent over 10 years.
The volatile constituenté serve a twofold purpose, (1) they are a carrier

for the higher-boiling components, ensuring.deep penetration of these more
permanent toxic materials into the wood, and (2) they tend to hold crystalline
components of creosote in solution during storage. The volatile components
are even more toxic than the higher-boiling ones and an effective percentage
of the former remains in the wood for a great many years. Thefr eventual
loss should not be alarming, for minimum retentions specified for creosote
take such losses into account. These retentions are based on long-time field
and service tests where the creosote in the specimens is subject to the same
or sometimes even higher vapor loss.

7) Vapor loss from creosoted poles is:

(a) higher from seasoned poles than from green poles;
) higher from poles with lower retention;
(c) higher from outer zones than from inner zones;
) higher from low-residue creosote than from high-residue
‘creosote; and
(e) on continued exposure the above differences become smaller.

In a continuation study4 of the creosote treatment of seasoned and green
southern pine poles, the effect of variables on vapor loss and movement of
0i1 was examined. Tﬁe movement and vapor loss data for the outer 2 inches
of all pole sections treated with Jow-residue and high-residue creosote are

summarized below.

Movement and Vapor Loss for Quier 2-in. Zone 4

Crevsote

Low-Residue High-Residue
Wood RITTON Green Av, Seus, Gireen Av.
Vapor luas during impregnation, Poeceeat 5.2 2K 1.1 S8 1.4 3.2
Originel retention, i, per cu. {t. 7.865 217 1 . Py
Adjusu_-.d retention, Ib, per cu. ft, (');:i) :6::.2 331 : :‘izi' AN “'.:'7
Retention sfter § yeums, ib. per cit, fL. 4.85 .50 6.7 R b (e
. o Al b e 4.

Movement loss (1), Percent ] T

Vupor loss (b), Percent L(‘;'Z. :-Zr:]! .lf;‘iz :(‘)-‘il 2(4) ‘é:;

(n) Bawd on Qriginﬂl retuntion.
tb} Bused on adjusted ratention,
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The data show the net changé in average retention for the outer 2 inch
zone of the pole sections during exposure for 3 years, broken down into
movement of creosote, which can result in a gain or loss, and vapor loss.
Vapor loss before extraction of freshly-treated poles based on change in
percentage of residue is considérab]e, averaging about 4 percent in the
éase of low residue creosote and about 3 percent for Eigh residue creosote.

Vapor loss from the seasoned and green pole sections treated with low-
residue is almost three times as large as from those treated with high-
residue creosote (20.2 percent vs. 7.0 percent). Vapor loss from seasoned
wood is about twice as high as that from green wood for both creosotes
(27.5 percent vs. 15.2 percent and 10.3 percent vs. 4.4 percent).

The following conclusions were arrived at from the study:

1) Vapor loss from green pole sections is much sma]]er‘than fyrom
similarly treated seasoned p01e sections;

2) Vapor loss above groundline and at groundline are about the same;

3) Vapor losses below groundline and from the 1/2 to 2 in. zone of
the pole sections are relatively small, particularly in the case of the 40
percent residue creosote;

4) Vapor losses greatly increase in the outer zones of a pole section;

5) Vapor loss from pole sections treated with 20 percent residue
creosote is much larger than from those treated with 40 percent residue
creosote;

6) Going from the outer towards the inner zone of pole section, vapor
loss from the higher residue creosote decreases more rapidly than vapor loss
from the lower residue creosote;

7) Going from the outer towards the inner zone of a pole section, vapor

Toss decreases more rapidly for green pole sections than for seasoned ones; and
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8) Creosote and creosote residual move downwards in all
zohes of a pole section. As a result, the adjusted retention
is general]y greatest at the groundline, slightly lower below
the groundline, and very much lower above the groundline.

It is realized that the above conclusions are based on
data obtained with 10 ft. sections of normal-diameter poles.
The observed downward, outward ‘and inward movement of creosote
and creosote residual should be even more pronoUnced with fui]-
length poles. Vapor loss percentages at the three locations
should not be affected by the length of the pole, but since a
greater percentage of the full-Tength pole is above groundline
where vapor losses are most severe overall losses might be

greater.4

"A.2.2.2.2 Emissidns from Creosote Use in Ca]ifornia

Creosote and creosote/petroleum emissions were discussed
in Section 6.2.4 and determined to be 10 percent of the amount
of preservative used. Table A.2-8 details the ehissions
associated‘with the creosote and creosote/petrofeum use.
Additionally, the 11 tons of creosote emissions associated with
the four treatment plants have been distributed among the four

counties where the plants are located
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TABLE A.2-8

1977 MONTHLY DISTRIBUTION OF CREOSOTE AND CREOSQTE/PETROLEUM EMISSIONS BY COUNTY IN
CALIFORNIA (LBS.)

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NQV

COUNTY BEC  TOTAL
Alameda 3,612 3,612 5.056 2,167 12,113 4,334 5,056 12,280 9,350 5,055 4,334 7,223 72,233
Alpine 0 0 c 0 0 o ) 0 0 0 0 0 0

Amador 305 305 428 183 855 367 a28 1,038 794 428 67 61 5,109
Butta 3,197 3,197 4,475 1,918 8,050 3,836 4,475 10,868 8,311 4,475 3,836 6,393 63,931
calaveras 372 372 521 223 1,014 446 521 1.264 967 521 446 744 7,438
tolusa 1,301 1,300 1,822 781 3.644 1,562 1,822 4,424 3,333 1,822 1,562 2,603 26,027
Ccontra Costa 2,948 2,948 4,127 1,768 8,254 3,537 4,127, 10,022 7,664 4,127 3,537 5,896 38,956
Del Norte 0 0 0 0 0 0 0 o} 0 o] 0 o] 0

€1 Dorado 558 558 781 33 1,52 669 781 1,896 1,450 731 .- 669 1,115 11,15
Fresno 2,271 2,271 379 1,362 6,388 2,725 3,179 7,720 5,304 3,179 2,725 4,541 45,414
Glenn 1,702 1,102 1,543 661 3,086 1,323 1,563 3,747 2,865 1,543 1,323 2,204 22,042
Kumboldt 1,474 1,474 2,063 gga 4,127 1,769 2,063 5,011 3,832 2,063 1,769 2,348 29,477
Imperial 3,705 3,705 5,186 2,223 10,373 4,486 5,186 12,596 9,632 5,186 4,446 7,409 74,093
Inyo 1,102 1,102 1,543 661  3.086 1,323 1,543 3,747 2,865 1,543 1,323 2,204 22,042
kern 7,542  7.542 10,559 4,525 21,117 9,050 10,559 25,543 19,609 10,559 9,050 15,084 150,839
Kings 1,185 1,195 1,673 717 3,346 1,834 1,673 4,063 3,107 1,673 1,434 2,390 23,900
Lake 0 i) 0 0 o 0 0 0 0 0 0 0 0

Lassen 4,07 4,076 5.707 2,446 11,414 4,292 5,707 13,860 10,599 5,707 4,892 8,153 81,529
Los Angeles 17,408 17,408 26,371 10,345 48,741 20,889 24,371 59,186 45,260 24,371 20,889 34,815 343,154
Madera 1,002 1,102 1,543 661 3,086 1,323 1,543 3,747 2,865 1,543 1,323 2,204 22,082
Marin 558 558 781 335 1,562 669 781 1,896 1.450 781 669 1,115 11,155
Mariposa 0 0 0 0 0 0 0 0 0 0 0 o 0

Mendocino 2,032 2,032 2.884 1.219 5,688 2,438 2,844 6,007 5.282 2,844 2,433 4,063 40,631
Marced - 2231 2,231° 3,123 1,338 6,46 2,677 3,123 7,583 5,800 3,123 2,677 4,461 44,614
Modoc 3,047 3,147 4,405 1,888 8,811 3,776 4,406 10,700 8,182 4,408 3,776 6,294 62,933
Mono 0 0 0. 0 ) 0 0 0 0 0 0 0 0

Monterey 2948 2,048 4,127 1,769  8.254 3,537 4.127 10.022 7.664 4.127 3,537 5,895 58,956
Napa 757 757 1,060 454 2,119 9oe 1,060 2,573 1,968 1,060 908 1,514 15,138
Nevada 372 372 521 223 1,041 446 521 1,264 967 521 . 446 734 7,438
Orange 3,333 2.333  4.666 2,000 9,332 3,999 4,666 11,332 8.665 4.666 3.999 6.666 86,657
Placer 2,231 2,231 3,023 1,338 6,246 2,677 3,123 7,584 5,800 3,123 2.677 4.461 44,614
Plumas 2,231 2,231 3.23 1,338 6,246 2,677 3,123 7,584 5,800 3,123 2,677 4,461 44,614
Riverside 5.192 5,192 7,268 3,115 14,537 6,230 7,268 17,652 13,499 7,268 6,230 10,383 103.834
Sacramento 3,333 3,333 4,666 2,000 9,332 3,999 4,666 11,332 8,665 4,666 3.999 6,666 66,657
San Benito 651 651 911 30 1,822 7€l 911 2,212 1,692 911 781 1,301 13,014
San Bernadine 12,216 12,216 17,102 7,330 34,204 14,653 17,10z 41,534 31,761 17,102 14,659 24,432 244,317
San Diego 3,705 3,705 5,18 2.223 10,373 4,446 5,386 12,596 9.632 5,186 4,446 7,409 74,093
San Francisco 213 213 207 128 595 255 297 122 552 297 255 425 4,249
San Joaquin 3.931  3.931 5,503 2,388 11,005 4,717 5,503 13,364 10,219 5,503 4,717 7,261 76.612
San Luis Obispo 1,102 1,102 1,543 661 3,086 1.323 1.543 3,747 2,865 1.543 1,323 2.204 22,042
San Mateo 1,022 1,022 1,43 §13  2.863 1,227 1,431 3,476 2,658 1,431 1,227 2.045 20,446
Santa Sarsars 2,603 2,603 3,644 1,562 7,287 3,123 3.644 8,849 6,767 3,644 3,123 5,205 52,054
santa Clara 1850  1.859 2,603 1,115 5,205 2,231 2,603 6,320 4.833 2,603 2.231 3.718 37,180
Santa Cruz 1,102 1,102 1,543 661  3.086 1,323 1.543 3,747 2,865 1,543 1,323 2,204 22,542
Shasta 1,874 1,474 2,063 8856 4.127 1,769 2,063  5.011 3,332 2,063 1.769 2,948 29.477
Sierra 136 136 260 n2 521 223 260 632 433 260 23 372 3,718
Siskiyou 1367 3,367 4,714 2,020 9,427 4,040 4,714 11,447 8,754 4,714 4.080 6.73¢ 67,338
Solano 1,855 1,859 2.603 1.1156 5,205 2,231 2,503 6,320 4,833 2.603 2,231 2,718 37.180
Sonoma 1.288  1.283 1,803 773 3,606 1.506 1,803 4,379 3,349 1,803 1,546 2.576 25.760
Stanistaus 2775 2.775 3.885 1,665 7,770 3.330 3,885 9,435 7.215 3.385 3.330 5.550 55.500
Sutter 916 016 1.283 50 2,585 1,009 1.233 3,115 2,382 1.283 1,099 1,832 18.323
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TABLE A.2-8 (cont'd)

COUNTY JAN FEB MAR APR MAY JUN JuL AUG SeP 0CT MOV CEC TOTAL
Tehama 916 916 1,283 550 2,565 1,099 1,283 3,115 2,382 1,283 1,099 1,832 18.322
Trinity 186 186 260 112 521 223 260 632 483 260 223 372 3,718
Tulau 4,307 4,807 6.729 2,884 13,459 5,768 6,729 16,343 12.497 5,729 5,768 9,613 96,133
Tuo lummi 478 478 669 287 1,338 574 668 1,625 1,243 669 574 356 9,560
Ventura 2,788 2,788 - 3,904 1,673 7,808 3,346 3,904 9.481 7,250 3,904 3,346 5,577 55.769
Yolo 1,856  1.859 2,503 1,115 5,205 2,231 2,603 6,320 4,833 2,603 2,231 2,718 37.180
Yuba 916 916 1,283 550 2,565 1,069 1,283 3,115 2,382 1,283 1,099 1,832 18,323

TOTAL 133,854/133,854/187,390/80,309/374,775/160,621/187,390/455,079/348,001/187.390/160,621/267.695 2,676,379

a3
0.
[
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A.3.0 USE PATTERNS AND ALTERNATIVES TO PESTICIDE OIL USE

A.3.1 Agricultural Use

A.3.1.1 Citrus Crops
A.3.1.1.1 Introduction

Some 290 thousand acres were in citrus crops in Californfa in 1977.» of
this, 51 percent was located in the San Joaquin Valley aﬁd 47 percent in
Southern California. The four major citrus varieties grown in California
are grapefruit, lemon, navel oranges and Valencia oranges. Most of the
grapefruit (89%) and lemon acreage (79%) and more than half of the Valencia

orange acreage (57%) is in Southern Ca]ifornia.]
A.3.1.1.2° The Pest Problem in Relation to 0il Usage

In the 1976-1978 Treatmant Guide for California Citrus Crops.,.2
petroleum 0il is recommended for control of 10 species of insects and mites
and for citrus aphids. Included in this list are three to four major pests
of citrus in California. These are California red scale, Aonidiella

aurantii (Mask.), citrus red mite, Panonychus citri (McG.) and the citrus

bud mite, Erionhyes sheldeni (Ewing).3 The 4th major citrus pest, the

citrus thrips. Scirtothrips citri (Moult.) is not controlled by oil sprays.

The other insect and mite pests which can be controlled by oil rarely
cause serious problems because their numbers are usually kept low either
by predators and parasites or by the control treatmants applied for the
major pests.4

Large economic losses can result from heavy infestations of each of

the major pests, especially the California red sca]e.5
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California red scale attacks all parts of the tree: leaves, fruit,
twigs, branches and trunk. Defoljation, branch die-back and death of the
tree can occur if the scale is not suppressed. A lighter infestation leads
to the culling of infested fruit and reduced yie]ds.7

The citrus red mite feeds on the fruit, the leaves and the green bark
of grapefruit, orange and lemon trees although Temon appears to be the
preferred host. The fruit surface can be marrad, thereby leading to reduced
grade or culling of fruit., There may be increased fruit drop and a decrease
in fruit size and yield. Defoliation of the last flush of new growth often

results from severe infestations of red mite.6

The citrus bud mite is a problem only on lemon trees. The mites

feed primarily on buds. The fruit or leaf buds may be completely destroyed.
In less severe cases, developing Teéves and fruit may show varying degrees
of deformity which lead to serious crop 1osses.7

There ars other pest species, scales, mites and aphids which can in-
crease to serious pest status either from unknown causes or because prndator
and parasite populations were reduced by applications of pesﬁicide.4’8

Citrus pest problems and effective methods to control the pests differ
in relation to the citrus variety and geographic region. In the San Joaquin
Valley, the major pests are California red scale, citricola scale, citrus
thrips and citrus red mite. Major pests in the South Coast area are
California red scale, citrﬁs thrips, citrus red mite and on lemon trees,
the citrus bud mite. The major problems in the interior desert areas of
Southern California are from California red scale, citrus thrips and citrus

3,5,9.

red mite. The non~uniform distribution of citrus pest problems in

different regions of California is largely associated with climatic differences
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especially the extremes of temperature and humidity. The climate affects
the pest species and the predatory and parasitic beneficial insects which
help to keep pest population under contro].3’10

California red scale is much less a problem in some coastal areas such
as parts of Ventura and Orange Counties than in the Central Valley which
suffers”gfeater extremes of summer and winter femperatures and have longer
periods of low humidity. In some parts of Ventura County (perhaps 20% of
citrus acreage),no treatment is required for red sca]e.11

In the San Joaquin Valley, California red scale usually requires treat-

ment every year and the treatment usually involves the use of synthetic

pesticides such as parathion since oil may damage trees during hot weather.4
A.3.1.1.3 Application Rates

The reported nonsynthetic hydrocarbon oils are applied to
citrus trees almost entirely as a treatment for the control
of scale insects and mites. The preferred application time for
control of scale insects and mites in Southern California 1is
August through October for orange and September through November

for 1emons.]2’13

May and June are recommended for citrus bud
mite on lemon. Low volume oil sprays for mites on lemons are
recommended in the coastal district at any time and from March
through June in the interior of Scuthern California. The distri-
bution of o0il applied may be adeguately accounted for in terms
of applications made in accordance with these recommendations.

For either scale insects or mites, the oil spray is applied

at a rate of 1.2 to 1.8 percent in water. Total coverage (TC)
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applications are recommendedlfor scale insects and as an alter-
native for mites. This heans that trees are sprayed to the
point of some runoff from all parts of the tree in order to ob-
tain an oil film coverage on all parts of the fruits, branches
and Teaves.

Spraying for total coverage is usually done in California
with a high pressure oscillating booﬁ sprayer which has éevera]
nozzles on a tower up to 25 feet high.11 From about 1,200 to
more than 2,000 gallons per acre of 1.5% oil spray is applied
in mature orchards. If the aVerage gallonage is taken to be
1,600, then 24 gallons or 173 pounds of o0il is applied per acre
of mature citrus.

Usually effective control of pests of citrus, especially
red scale, cannot be obtained if the quantity of oil fs reduced

14,15

below the recommended rates. However, recent experiments

have shown that through the use of an airblast iprayer with
an air tbwer about 25 percent less oil is effective;3’16 Some
growers are now using the improved sprayevrs with lower rates of
application. This use in Ventura County may be about 10 percent
of total use.11
In éome cases, ofT»is used at less than recommended rates in
combination with synthetic chemicals even though the oil wou]d act
more'as a spreader-sticker than a fully active pesticide under

these conditions.15

The average reported application of 4.6
gallons per acre for the San Joaquin Valley in 1977 illustrates

the wide use of this low volume 01l application.
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If was estimated above that 1,600 gallons per acre was
the average amount of spray applied in mature orchards. If the
average gallonage for immature orchards 1is 1,000 gallons per
acre and one forth of the acreage is immature, then the overall
average is about 1,500 gallons of spray or 152 pounds of oil
per acre. It has been estimated that where o0il spray applications

11,17 We

to citrus are used, they average about 1.25 per year.
estimate from this that the average application rate is (162 x

1.25) or 202 pounds per acre per year.
A.3.1.1.4 Advantages and Disadvantages of 0il Use

There are a number of advantages to oil use in citrus pest
control which have led to jits continued use and suggest the de-
sirability of its continued availability.

Advantages

1. Cost. The relatively low cost of oil may be an advahtage.

The use of 0il on citrus crops started in about 1907 at

a time when there were few substitute pesticides available.
Since that time, an advantage of considerable importance

as an inducement to its use was that until recently the
cost of oil was low. At present the cost of 0il per acre
is similar to the cost of alternative chemicals.

2. Range of species effectiveness. 1In some cases an 0il

treatment will suppress more than one pest which would
otherwise require a separate treatment. This may also

be true with certain synthetic chemicals. However, in
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the lemon crop, for example, oil is effective in control
of the citrus bud mite as well as the two other major
pests; red scale and citrus red mite. The only other
treatment recommended for bud mite is chlorobenzilate
which does not control either the citrus red mite or

the red scale.

3. Low toxicity. Although o0il is effective against a

number of arthropod pests of citrus, it is generally
not harmful to mammals and most forhs of 1ife.18’19
Oil-sprayed orchards may be entered at any time since
there are no limitations on re-entry.

4, Compatability with biological control. 01l use does

not generally upset the bioiogical control activities of
the predators and parasites of arthropod pests in the
way that other chemicals are known to do.7’20 011
pesticides can therefore be helpful as & bridge in
attempts to shift from chemical to biological pest control
in citrus.

5. Pest resistance. No resistance to the insecticidal effec-

tiveness of petroleum cils has yet developed although
- they have been used in citrus-for more than 50 years.
Resistance to a number of other chemicals has developed
in at least six citrus.pests.zo
Tree injury resulting from oil spray has been the primary

disadvantage of the use of c¢il spray. The kinds of injury that

have developed are (1) leaf drop, {2) fruit drop, {3) fruit burn,
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(4) dead twigs and branches and (5) impaired fruit quah‘ty.6

Most of the injury was formerly caused by the use of oils with
excessive phytotoxic properties. Newer o0il purification procedures
have eliminated most of the tree and fruit injury if oil is

3,19

applied according to recommended methods. These recommendations

stipulate 0il should not be applied during very low humidity,

‘high temperature, or to trees suffering water deficit.

A.3.1.1.5 Synthetic Organic Pesticides

The pests of citrus which are controlled by petroleum oil

can also be controlled by synthetic pesticides. Most of them

are in fact being controlled by synthetics in some areas. In

the San Joaquin Valley, for example, where host of the orange
crop is grown, there is not much oil used although two out of

three key pests are the same as in other areas. The key pests

‘which can be controlled by oil are California red scale, citricola

scale, citrus red mite and citrus bud mite. Citricola scale

is usually controlled by the required treatments for red sca]e.2

For each of the key citrus pests in California which can

‘be controlled by petroleum o0il, (excluding the citrus bud mite)

there is more than one available syhthetic pesticide alternative
(Table A.3-1). Chlorobenzilate is the only synthetic pesticide
recommended‘for control of the citrus bud mite.

Under present conditions each of the key pests of citrus
11,17

will require treatment on about two-thirds of the citrus acreage.

Where 011 is used, the scale insects and mites can be controlled
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Application Rates for Recommended Synthetic Pesticide

Alternatives to Petroleum 07l for Pest Control in Citrus

TABLE A.3-1

(Applications in Average Pounds Per Acre)
K K
California Citrus
Red Scale Red Mite
Yellow Brown Pacific Mite K
Scale Pur- Black Citricola Soft Two-Spotted Citrus Citrus
Pesticde ple Scale Scale Scale Scale Mite ' Bud Mite  Aphids
Parathion {TCD 4.8 TC 5.8 ‘TC 5.1
LV 3.6 _ ‘MS 1.5
Malathion |TC 10.5 TC 9.4 TC 8.7 TC 9.4 0C 1.6
Parathion &{TC 3.6 TC 3.6 TC 3.6 TC 3.6
Malathion 5.0 +5.8 +5.2 +5.8
Carbaryl  {TC 12.7 TC12.7 TC 6.9
Guthion TC 6.5 TC 5.8 TC 6.5
Supracide {TD 2.5
Omite LV 4.5
TDC 3.2
Plietran Lv 1.5
DC 1.4
Morestan_ 6C 1.0
Vendex Lv 1.75
TDC 1.9
Chloroben- MS,
zZine Lv 1.5
™ 1.7
Kelthane MS or LV
4.0
TDC 4.0
Rotenone 0C 0.1
K - Designates group containing key pest.
TC - Total coverage spray. Trees,sprayed to runoff.
( .= Total distribution about 70 percent of TC spray.
0C - OQutside coverage spray.
LV - Low volume spray
MS - Mist spray

389

7N

Y



(N

Qi\

a

by, on.the average, one and one-fourth oil treatments per year.
If synthetic pesticides are used on citrus as an alternative
to petroleum, each of the key pests musf receive chemical spray
treatment each year, though in some cases it may be possible to
combine treatments for scale and mites.21 It can be seen from the
recommendations in Table A.3-1 that a separate synthetic pesticide
will be required each year for scale insects, for citrus fed mite
and on lemon for citrus bud mites. Table A.3-2 summarizes data'
from Table A.3-1 to show the amount of synthetic pesticide re-
quired annually to substitute for oil use on citrus. There is
an estimated reduction of 90 to 98 peréent in pounds applied

through use of the synthetic pesticide alternative.
A.3.1.1.6 Biological Control

Biological control is an important element in any consideration
of pest‘contro1 in citrus crops. The Southern California citrus
region was the site of the first dramatic suppression of a serious
economic pest'through the importation of a natural enemy. This
was accomplished in 1879 through importation of the vadalia beetle
which completely controlled the cotteny-cushion sca]e.22 Since
that time, there have been more successful applications of biological
control against citrus pests than against pest of any other crop.23
Still, most citrus growers in California depend heavily on pesticides.

There are two reasons for continued dependence on pesticides.
One is the lack of existénce of effective biological control

agents for some pests, and second is the fact that the biological

control agents are prevented from being effective because they are
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TABLE A.3-2

Estimated Annual Applications For

Synthetic Pesticide Alternatives.

Estimated Percent
Recommended Application Petroleum 071 Reduction
_ (pounds a.i./acre) for Control for Applied
Pesticide Applied For Different Pesticides (pounds/acre) ATternative
Key pests of orange, grape-
fruit
California red scale 2.5 to 12.7
California red mite - 1.0 to_ 4.5
“Annual Total 3.5 to 17.2 202 98.3 to 91.3
ff”wy pests of lemon
N
California red scale 2.5 to 12.7
California red mite 1.0 to 4.5
Citrus bud mite 1.5 to_ 1.7
| Annual Total 5.0 to 18.9 202 98.0 to 90.6
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8,24 There are two

suscepfib]e to the pesticides being applied.

important citrus pests for which there does not appear to be

effective bioiogica] control: the citrus thrips and the citrus

bud mite. Both of these may be to some extent attacked by pre-

daceous mites.9 The other key pests which are subject to

control by petroleum o0il, the California red scale and the red

mites, are controlled by natural enemies either completely or

substantially in those areas where chemical tfeatments have not

reduced effective predators. In some parts of Southern California,

citrus does not now require treatment for red scale since it

is controlled primarily by Aphytis parasites. In the San Joaquin

Valley, control is much Tess substantia124 for red scale though

red mite usually is controlled by a virus. An estimated 10,000

acres in Ventura County do not require pesticide treatments

because bio]ogica] control is sufficient.ll
As an alternative to petroleum o0il treatment, the outlook

for biological control in citrus is very promising, but there

are some difficulties with regard to obtaining large reductions

-in 0oil use. First, nearly 60 percent of the reported 0il used

on citrus is applied to lemon trees. Much of this is for control
of citrus bud mite for which there is no adequate biological
control. Secondly, many orchards which have been sprayed for
control of red scale and red mite have aiso had the population

of natural enemies of those pests reduced so that it might take
three or four years for a stable population of natural enemies to

be estab]ished.8 Thirdly, even where effective biological control
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has been éstab]ished there can be occasional serious outbreaks
of pests. The preferred method for changing from reliance on
chemical control to reliance .on bio1ogicaT control is through
the use of a supervisory program such as Integrated Pest Manage-
ment. The release of mass produced natural enemies into an
orchard is one approach to the difficulties of withdrawal from

pesticide use.3

A.3.1.1.7 Integrated Pest Management

Integrated pest management (IPM) of citrus crops has been
practiced by independent pest managementbconsu]tants in California
since 1960;25 In the San Joacuin Valley, the acreage under super-
vision of independent consultants had increased to 6 percent of
the total citrus acreage by 1970. et

Most independent pest consultants supply pest control advice
for a fixed fee per-acre. It is in their interest to control
pests with a reduced use of pesticides in order to remain compe-
tative with advisors from chemical companies who practice con-
ventional control.

Hall and his co-workers have.carried out two in-depth
surveys on the performance of independent pest management consul-
tants to cotton and citrus growers in the San Jbaquin Va]]ey.26’27
The results of the surveys showed that IPM feduced pesticide use
by one-third to two-thirds, maintained yields at levels comparable
to those obtained under coﬁventiona] control and did not decrease

growers' profits. The studies did not indicate what kind of

pesticides were involved or if there was a shift te different S
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pestiéides under IPM.
Another program to develop IPM methods for citrus has been
established by the University of California. Experiments are
being carried out in the Central Valley, the intermediate
coastal district and the interior at Woodcrest near Riverside.
Only results for threes years at‘the Woodcrest site have been
released in some deta11.3
The most satisfactory results at Wood crest were obtained
with an IPM program. A basic part of this program was a N R 415
0il spray in September which was primarily for red mite control.
Ten gallons of oil per acre (about 50% of usual) was applied
with an air blast sprayer which gave an improved distribution
of spray droplets averaging less than 150 microns median volume
diémeter.‘ The botanical chemical Ryania was used as needed for
thrips control. There were other treatments tested in the program
including a conventional synthetic chemical spray r’egime.3
The average number of thrips scars and of red scales on
fruits and leaves were about the same for the IPM and conventionally
treated plots. Red mites were fewer in the IPM plot tﬁough
control was adequate in both b]ots. The annual cost of pest
control in the conventiona1-treatment was $158 per acre and $54
per acre for the IPM.3
In this example an IPW program gave overall pest control
generally equal to a conventional synthetic chemical program.
If the IPM were compared with a conventional program using pet-
roleum oil for scale and mite control, the reduction in organic

chémica1 applied would be from 50 to 60 percent.
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Another IPHM program was tested which involved the use
of synthetic pesticides but no oil. This program was 1less
successful in maintaining low levels of some pests, particularly
California red scale. However, in three years of tests,
citrus yields were equal to those obtained with the conventional
spray program or IPM with 01l sprays.

The use of IPM for citrus as for other crops requires
a c]ose supervision of the levels of pest populations in
order to avoid unacceptable risks.24 Therefore, the extent to
which the developed IPM programs can contribute to reduced

pesticide use is dependent upon the extent to which the program

can be implemented with adequately trained personne].4
A.3.1.2 Pears
A.3.1.2.1 Introduction

Pear production in 1977 ranked 36th among California's
crops in terms of market value. Approximately 303,500 metric
tons (42.5 percent of the nation's harvest) were produced on
- 37,696 acres, making California the nation's chief source of
pears. The value of the pear crop was approximately $45.1
million. The counties of Lake, Sacramento, Mendocino, Solano,
and E1 Dorado lead the state in total acreage with 26,421 acres

1,28

(66.4 perceht of the state's total). Table A.3-3 shows

the 1977 distribution of pear acreage by county.
A.3.1.2.2 011 Application Methods

Ground air blast sprayers are used extensively in California
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5 . TABLE A.3-3

1977 Pear Acreage in California by Counties?

(Counties over 1000 acres)

u.c.
Davis P.U.R. Percent of
County _Acreage Total Pear Acreage
Lake 8,727 21.6
Sacramento 7,144 ' - 17.7
Mendocino 4,337 10.7
Solano 3,697 9.2
E1 Dorado 2,516 6.2
Yuba 1,802 >4.5
Santa Clara 1,657 4.1
7N Sutter ' 1,571 3.9
\ Sonoma‘ ‘1,105 2.7
A1l other counties 7,816 . 19.4
Total 40,372 | -100

&. Source: 1977 California Fruit and Nut Acreage



pear production. Aerial applications are used when orchard
conditions prevent entrance with conventional grodnd sprayers.
It is estimated that 20 percent of the total pear acreage 1is
treated by air.lS
Recommendations for .dilute sprays of dormant oils are

.16-20 gallons of oil per acre.29,30°

Growers using these recom-
mendations apply between 400 and 1,000 gallons of spray per
acre. At the higher "drench" rates (800-1,000 gallons/acre)
there is substantial runoff. Estimates are that less than 25
percent of the pear growers use such high vo]umes.31
Concentrate or low volume o0il spray recommendations are 6-15
gallons per acre depending on oil type in less than 100 gallons
of water. At concentrate spray rates, labor costs are iess
because of shorter, less freguent "downtimes" and less water
used per acre while control effectiveness remains the same.31
Speed of travel is more critical with concentrate spray rigs,

- and there is a small margin for error with this method.
A.3.1.2.3 Target Insects

Table A.3-4 1lists the major pear pests from among the 30
which attach pears. Below are brief descfiptionS‘of these
major pests.

Codling Moth. Laspeyresia Pomonella, (Linn) has long been

the primary pest of pears around which all in-season spray programs
revolve. Fruit injury by codling moth larvae can make the fruit
unmarketable if "deep entry" occurs. Shallow entrys ("stings")

damage may disqualify the fruit for the fresh market, but it may
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TABLE A.3-4

Major Pests of California Pear529’3C)’33’38

Insect Pests

Codling moth, Laspeyresia pomonella L.
Srowing season control programs key on this pest.

Pear psylla, Psylla pyricola
Extensive use of dormant oils controls this past.

San Jese scale, Quadraspidiotus pernicrosus
Dormant oils used to control this pest.

Mites

European Red Mite, Panonychus ulmi.
Not serious in Lake County.

Secondary Outhreak Pests

Two-spotted mite, Tetranychus urticae

Pear rust mite, Epitrimerus pyri

Pear Teaf blister mite, Eriophyus pyri '
Aphids

3 species most commonly encountered
Sreen peach aphid, Myzus persicae (Sulzer)

Melon or cotton aphid., Aphis gossypii (Glover)

Bean aphid, Aphis fabae (Scopoli)
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be acceptable to the cannery industry.31’32

Untreated orchards yield 40-60 percent fruit injury from
codling moth larvae deep entry. Commercially acceptable control

of codling moth maintains fruit injury below the one percent

‘Tevel. This degree of control requires closely monitored, well

timed applications of synthetic pesticides. Gutio$@ is the
prefered compound because it is not as disruptive to beneficial
species as other available products. Commercial growers use only
synthetic chemicals to control codling moth, and all have been
detrimental to predator species to some degree. Consequently,
control measures for other pests are usually necessary.33_36
0i1 is most commonly used to offset the deleterious effects of

these sprays.

Pear Psylla. Control of pear psylla, Psylla pyricola

(Forster) is essential to commercial pear production. Psylla

transmit the mycoplasm like organism responsible for pear de-

cline disease.33’37’38; a disease which nearly destroyed the

39

pear industry in the 1850's. Besides transmitting pear decline,

psylia can also cause severe defoliation and stunting of

“vegetative growth if infestations are large. Fruit quality fis

also lost when honeydew secretions by'the larvae give rise to
black fungal growth on fruit. Psylla are known to develop

resistance to chemicals rapidly, and resistance to nearly all
synthetic pesticides has been observed.4o’41’42

San Jose Scale. Quadraspidiotur perniciosus (Comstock) 1is

constant threat to pear tree vitality and fruit quality in

399

“\;

g



California. Because of the extremely small size at maturity
(adult females are approximately 2 millimeters in diameter),
this scale is often overlooked during orchard surviellance, and

it can achieve pest status before it is noticed. Feeding scales

plant vigor and fruit development. Fruit injury is evidenced
by red halos around the scale and sunken areas caused by feeding.

European Red Mite. The European red mite Panonychus ulmi

(Koch) attacks the foliage of pear trees and populations are
known to develop rapidly to high levels if not controlled. Com-
plete defoliation can occur from extremely high populations,

and fruit development is réduced proportional to foliage des-
33,38

truction.

Secondary Outbreak Pests. Three other species of mites,

the twospotted mite, Tetranychus urticae (Koch), the pear rust

mite, Epitrimerus pyri (Nalepas), and the pear blister mite,

Eriophyes pyri (Pgst.) are pest problems usually because of
33,38,43

codling moth spray programs. The destruction of the
natural predators of these species with synthetit chemicals

used for codling moth control frees these species to rapidly
develop large populations. Current dormant 0il use is directed
primarily at overwintering adults and eggs in an attempt to

keep populations at low levels. Summer oils are combined with
codling moth cover sprays to offset the adverse effects of these
synthetic products. Rates are the same as those for psylla and

scale.

Other Pests. Pear pests, against which oil is directed,

400

extract plant juices from foliage and new branches thus depressing
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not discussed above are normally maintained below the pest
status levels by codling moth sprays, psylla, scale and mite

programs and other cultural practices.?’3

A.3.1.2.4 Application Rates

Dormant oil application at 16-20 gallons per acre dilute
and 10-12 gallons per acre concentrate are effective against
pear psylla, San Jose and other scales, mites (Eurdpean Red,
Twospotted, Brown and Pacific) and mite eggs. The more highly
refined supreme or superior oils are effective against the
same pests but at rates of 1/3 to 1/2 that of the dormant oils.
One or two cover sprays are normally applied between December
and March first. If overwintering populations are low, only N
one covey spray is necessary.31 | - &wj

Foliar season o0il applications are predominantly highly
refined, light medium summer, supreme or superior oils. These
“are applied at 4 gallons per acre. Addition of synthetic chemicals
to 0il sprays usually increases the effectiveness of‘both.

However, some compounds are incompatable with oils, and restric-
tions and manufacturer's specifications must be followed carefully.
An average of three cover sprays per foliar season are applied

although this number may vary each season and from orchard to

orchard.
A.3.1.2.5 Advantages and Disadvantages
0i1 use on pears during periods of water stress has resulted

in foliar injury. Pesticidal action of oils decreases rapidly QW}
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with time and offers little residual activity.lS

While active killing power is of relatively short duration,
delayed dormant applications of o0il will delay ovipositioning
by overwintering psylla adults by up to five weeks. This allows
predator species more time. to develop thus effecting a greater
degree of contro].44

As mentioned before, no resistance has been found When 07l
is used; whereas, psylla have shown resistance to almost all
synthetic chemicals used against it. Mites and scale insects
are also developing resistance to increasing members of synthetic
products.15’3.9

Synthetic pesticides used alone against scale insects are
not as effective as when used in combination with oils. The
0il penetrates under the protective scale carrying the synthetic
to the target. Synthetics alone are not able to penetrate as
effective]y.31

Nonsynthetic hydrocarbons allow predator species to develop
virtually unhindered; whereas, synthetic organics are usually
very disruptive to beneficial species.

0ils applied at dilute rétes (16-20 gallons per acre) act
on dormant trees to stimulate a more uniform bloom in pears.
Pears require a chilling factor of approximately 1,200 hours
below 45°F if maximum synchronized bloom is to occur. Uniform
bloom is important to growers because the threat of fire blight

disease inoculation increases with increasing duration of the

bloom. Dormant 0ils act to suppliment the chill factor during

warmer winters and are important tools to many growers in achieving
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desireable bloom patterns.?’1

A.3.1.2.6 Synthetic Pesticide Use

Introduction. Reported use of synthetic insecticides

totaled 93,220.17 pounds in 1977. As seen in Table A.3-5
Guthioﬁg>(azinophosmethy]) was the dominant chemical used
.contributing 46.6 percent to the total usage. It must be
stressed that the total reported use is only a small fraction
of the actual use in the state, and that the pesticide use
report is valuable in qualitatively evaluating the use pattern
43

but inaccurate for quantitative estimations.

Use Pattern. The majority of the synthetic pesticides

used are for control of codling moth. Three compounds, Guthio§®'

® ®

(azinophosmethyi), carbaryl (Sevin~), and Imidan™ were responsible

for 57.8 percent of the state total reported usage, all of which

2

is directed primarily against codling moth.“ Carbaryl and

Imidaég are more disruptive to beneficial species than GuthionR
and depress predator populations which control secondary outbreak
pésts such as mites and scales as well as pear psylla.

Three nonrestricted chemicals: Plictran (1,974.77 1bs.),
Perthane (934.02 1bs.) and Diazinon (377.07 1bs.) accounted for

3.5 percent of this total.?

It is believed that usage of these
compounds is much higher than reported values, as these three
compounds are recommended for use in alil integrated pest management
programs.ls’zg’so Synthet{c insecticides are used almost ex-

clusively from bud break through leaf drop and often in combination
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1977 Synthetic Pesticide Use on Pears

Product Pounds
Guthion ® 43,458.01
Endosulfan 14,823.18
Carbaryl 8,824.17
Ethion 8,579.58
Parathion 7.806.85
Dithane 2,196.00
Plictran ® 1.974.77
ImidanQ§ 1,673.00
Lime-Sulfur 1,495.17
Perthane 934.02
A1l other

Compounds 1,455.42

Total ©93,220.17

Source: California Pesticide Use Report 1977

*

TABLE A.3-5

Acreage

44,157.

7,622
2,069

5,689.

4,764.

430

2,143.
642.
49,
229.

.60
.00

60

00

.00

00

00
00

Percent
Total Use
(Pounds)

46.

15.

100

Target Pests *

CM
CS PBM PRM PP

CM,SJS,PBM,PRM,
LFRIR

ERM,TSM,PRM,
SJ5

PP,MB,S

TSM,ERM

CM
PEM,PRM,SJS
PP -

Keyf CM -Codling moth; CS -Consperse Stink bug; PBM - Pear Blister Mite;

PRM Pear Rust Mite; PP - Pear psylla; SIS - San Jose Scale; LFLRL -
Leafroller; FRM ~ European Red Mite; TSM - Two-spoited Mite; MB -
rmealybugs; S - Scale
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with highly refined summer o0ils because of the synergistic
effect attained. Very small amounts of synthetic pesticide
are applied during the dormant season.

Synthetic Alternatives. PydriéE, a relatively new

'synthetic pyrethroid on the market, holds promise as a possible
dormant spray which could replace 100 percent of dormant oil
applications. 1Its value is restricted to the dormant season
because of the extremely disruptive impact on beneficial
species. The long residual effect of Pydri§®xnakes it effective
against immigrating pest populations after the initial spray.

It does not exert a control dn eggs of pest species. Use of
Pydriég is currently restricted to the dormant period under a
section 8 use permit, and no applications may be made after the
cracked bud stage. Research is currently under way at the
University of California Extension Offices near Sacramento

and in Mendocino County té determine iﬁ greater detail the
effects of this compound on beneficial species. More information

should be available before the close of this growing season.31’45

Currently, no resistance has been noted but is expected.46

Perthaé@, at recommended rates of 1-2 gallons per acre
dilute or 1 gallon per acre concentrate, provides highly effective
control of light to moderate pear psylla populations. To control

®

very heavy populations, Ferthane™ must be combined with oils.

Resistant strains of psylla are known to develop rapidiy when
- ® 33

Perthane™ is used regularly without oils.

This combound may be used successfully against the two-
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two-spotted mite during the growing season and may be the
préferred chemical if field conditions are very dusty and
popu]ations of European Red mite and rust mites are extremely
low. Plictran is known to destroy predators of the Eurcpean
Red mite and rust mites and flareback populations of these
pests are characteristic of P]ictraég use.

This product may be substituted for supreme or superior
il applications to control the two-spotted mité during the |
growing season. However, because of its limited spectrum
of control and disruptioﬁ of beneficials, it must be used

with caution.33

A.3.1.2.7 Bioiogical Control

A partial list of bio]ogica1‘contro1 agents is contained
in Table A.3-6. These agents exert varying degrees of control
on different pests depending on populations of pests and pre-
dators, orchard environmental conditions and pesticide spray
programs. In unsprayed orchardé, biocontrol agents can keep
psylla, mites and scale populations below economically damaging
levels but are unable to control codling moth, the most serious

pest of pears.33
A.3.1.2.8 1IPM Programs

IPM practices have proven to be very effective for pear

growers in reducing insect and mite problems and in reducint

39,47

costs. However, IPM as currently practiced by approximately
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TABLE A.3-6

Biological Control Agents for Pests which
Receive Nonsynthetic Hydrocarbon Insecticides

Acent Pest Controlled

Predacious Mites
Typhlodromus accidentolis (Nesbitt) e spider, rust, and leaf
blister mites

Amplyseius hipisci (Chant) 6. mites
Lacewings and Snakeflies
Chrysopa carnea (Stephens) ¢ aphids, psylla (eggs and
larvae), spider mites and
Chryscpa nigricornis (Burm) eggs, mealy bugs, scale
“dinsects. mith larvae
Raphidia spp. (Timited), other soft

bodied organisms
Lady Beetles (over 175 species)

Hippodamia convergens {Guer.) e aphids, mealybugs, scales,
mites
Stethorus picipes (Casey) . ¢ spider mites
True Bugs

Order: Hemiptera (numercus species) aphids, mites, psylla (nymphs
and eggs), thrips, scales,

whiteflies, moth eggs

]

Predaceous Flies

Syrphid fly larvae e aphids and scale insects
True Spiders (numerous species) e aphids, scale insects
Wasp Parasites (numerous species) ¢ aphids, scale insects, and
psylia
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20 pefcent of California's pear growers will not lead to the
reduction of oil use in California. It may conceivably
increase the.amount of 0il used by encouraging foliar season
cover sprays to suppress pest populations without effecting

46

predator populations. "Suppression" is the best word to

describe summer cover sprays for psylla, mites and scales
as control is extremely difficu]t.48 _

Pear IPM programs stress the need for ciose monitoring
of orchards and elimination of cover sprays where this can

be cone safe]y.32’33’34

A.3.1.2.9 Other Alternatives

Insect Growth Regulators. Insect Growth Regulators (IGR)

hold promise for future insect control. Hormones which restrict
Juvenile forms from maturing are now being tested and refined.
The Zoecon Company is presently investigating different methods
.and materials. While not currently available, research should
31,48

be encouraged in this area.

Granulosis Virus. Because the codling moth 1s‘suth a

persistant pest and chemical controls are often disruptive to
the predators of the mites and sCaTes, control of the codling
moth by non-chemical means would be extremely valuable in
reducing ol sprays. A granulosis virus specific to codling
moth has béen jsolated and is being developed for possible

35 '

commercial use.

One hundred percent control of codling moth by the second
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year was reported by Huber and Kickler in 1977 in app]es.50 e

Jaques, et al. (]977)51

reported reducing deep entry damage
by 55 to 96 percent compared to control trees. Shallow

entry, however, was not reduced significantly because of the

delay in action of the virus in killing the moth larvae.

Research should be encouraged in this area.

Sex Pheromone Traps. Some work has been done through the

U.C. Extension Office to observe the effectiveness of trapping

all male codling moths before they breed by using large numbers

of sex pheromone traps per orchard. Moderate populations can

be controlled to some degree but Targe populations are unaffected.31

Cultivation Practices. Weed control in pear orchards can

indirectly influence pesticide use. By encouraging a healthy

N
(.

cover crop, potential pests are often kept out of trees and

growth of predator species populations is also stimu]ated.52’53

A.3.1.3 Other Deciduocus Fruit Trees
A.3.1.3.1 Introduction

Tree crops being considered here include almonds, apricots,
nectarines, peaches, plums, and prunes. Major growing regions
for these crops lie in the Tower Sacramento Valley and the San
Joaquin Valley. Production statistics for each crop are listed
in Table A.3-7.

Pests and pest control programs for these crops are similar
and therefore will be treated together. Fresh fruit markets

demand high cosmetic quality in the fleshly tone fruits, and : .(”

Soai’
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TABLE 3-7

1977 Production Statistics for Selected Tree Crops

Californias Production Rank
Share of Harvested (metric Value Amoung
National Production Acreage tons) (1,000 Californias
Crop Ranking  {percent) (X10°) X103 dollars) Commodities
Almond 1 99.4 275.4 231.3 267,750 11
Apricots 1 g7.0 27.5 129.7 28,428 42
Nectarines 1 98.2 14.0 136.1 30,450 41
Peaches 1 66.3 63.5 889.7 138,398 17
Plums 1 a 25.2 142.4 48 141 34
Prunes 1 a 70.7 142.4 76,930 27

a not available
Source: California Principal Crop and Livestock Commodities, 1977.

this necessitates careful control of pest insects which can

damage fruit quality and appearance.
A.3.1.3.2 Pest Problems in Relation to 0il Usage

Most nonsynthetic hydrocarbons are applied to these tree
crops during the dormant season from December through February.
Applications are made to control populations of San Jose
Scale and other scale insects, Eureopean Red, Twospotted and
Pacific Mites, Peach Twig Borer, and various aphis species.r

Descriptions of most of these pests can be found in Section

San Jose Scale, Quadraspidiotus perniciosus (Comstock)

js one of the most serious pests which is controlled with
dormant 0il applications. Failure to spray one season may

result in serious losses of fruit and fruiting potential due
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to the scales ability to ki1l major portions of fruiting and

scaffolding 1imbs.43 This 1s particularly true in peaches
and plums. Although a serious pest, one dormant season
application generally eliminates the need for in-season
control measures using oils.

Navel Orange Worm Paramyelois transitella (Walker)

in almonds effect pest control programs in much the same way
as codling moth does in pears. Approximately 80 percent
of the fruit rejected is because of larval infestation of

95 Control.of navel orange worm is accom-

fruit by this pest.
plished with the synthetic pesticides carbaryl or Guthio$®.
Both of these are damaging to beneficial specie populations,
thus mite and scale insects may be released from natural
controls. Dormant season 0il sprays are designed'to depress
mite and scale populations before leaves appear when control
becomes much more difficult. As seen in the monthly distri-

bution figures, this practice is very effective.

The peach twig borer, Anarsia lineatella (Zeller) depresses

tree vitality as adults attack and kill new growth by boring
into the base of small twigs and branches and feeding on
cambium tissue.56 Fortified oils at 4~6 gallons per acre

plus 2 pounds of parathion or diazinon during the dormant -
delayed dormant season are recommended control treatments.
After bud break, control is achieved with synthetic pesticides

0n1y.57’58’59
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_A.3.1.3.3 Application Rates and Methods

App]iéations of pesticides are predominately with
ground sprayers, aerial-sprays accounting for only 20
percent of the total volume of chemicals applied. Low volume
spray applications are the most efficient methods available
to the commercial grower. Dormant emulsive oils and dormant
0il emulsions are sprayed at rates of 8 to 15 gallons per
acre low volume, and at 12 to 20 gallons per acre high

vohxme.57'60

High volume cover sprays are applied at rates approximately

20-25 percent higher than low volume sprays. While this
method requires less accurate sprayer calibration and a more
flexible speed of travei, waste losses are higher than with
low volume sprays.

Mofe highly refined narrow range oils are used at half
the volume of the less refined dormant emulsive oils and
dormant 0il emulsions discussed above. Pest control is
equivalent with these summer oils when used according to

recommendations.
A.3.1.3.4 Synthetic Pesticides

Recommended synthetic pesticide use is 1imited to the
foliar season when used alone or in combination with oifs
when applied during the dormant season. There are no dormant
season recommendations which call for synthetic chemicals

“alons. Growers do not have available synthetics which can
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destroy mite eggs nor which control such a broac spectrum
of pests as o0ils. Continued use of synthetics such as Ke?thané®
or ethion at recommended rates will cause resistance problems

in mites. Use of Guthio$® and carbaryl to control San Jose

" Scale on peaches and nectarines will also depress mite predator

populations, and secondary flarebacks of mite pests may occur.31’33

A.3.1.3.5 Biological Control

There are numerous insect and mite species which function
within the orchard environment to exert partial control over
many pest species. Predators of scales, mites and aphids
are listed in Section A.3.1.2 on pears. These predators
exert control pressures on pest populations wherever pest
species are found. Control of the navel orange worm by the

predator Pentalitomastix plethuricus has not been achieved at

economic levels. Good sanitation of almond orchards and
supplimental cover sprays of synthetic pesticides are neceésary

for acceptable levels of contro1.55

As with all crops, use

of bio-control agents will reduce the pest populations, and
subsequent reductions in coﬁer sprays can be achieved; however,
predator species alone have not been successful in‘keeping

many key pests below economically damaging ]eve1s.33’34

A.32.1.3.6 Integrated Pest Management

Integrated pest management (IPM) in these six crops is

only now beginning.3]’46 A program initiated in 1978 for
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almonds will require several years before success can be
accurately measured. Many growers of other tree crops are
using IPM principles to monitor pest density fluctuations

in their orchards and are timing cover sprays to coincide
with the most critical stages of pest development. The im-
pact of IPM programs on nonsynthetic hydrocarbon consumption

is not ascertainable at the present time.
A.3.1.3.7 Cultural Practices

Orchard sanitation is probably the most beneficial
cultural practice growers can pursue in attempts to reduce
pest populations. Culls and unharvested fruit Teft in the
orchard are open invitation for increased pest problems
the following year. Dropping culls from trees after or
during the harvest and destroying them with irrigation water
or disking techniques can effectively eliminate potential

inocu]um.61’62

A.3.1.4 Alfalfa
A.3.1.4.1 Introduction

California hay production ranked as the number 5 crop in
the state and ranked number 3 in the nation during '1977.28
Altalfa hay.made up 68 percent (1,140,000 acres harvested) of
the state's total hay production in 1877 and had a production

value of over 433 million do11ars.63

Alfalfa is an especially
good cash flow crop because of the numerous cuttings that are

made each year.
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A.3.1.4.2 Synthetic Pesticides

Introduction. There are several synthetic herbicides

registered for use on alfalfa in California that could re-

duce most if not all of the use of F-10 oils for weed control
and seed desiccation. fhe.1977 PUR data show that over 550,000
pounds of synthetic herbicide were used séparate]y or in con-
junction with F-10 oils on alfalfa grown in California. Of
this amount, only 9 percent of the synthetic herbicides re-
ported were restricted and had to be reported; therefore, as
was the case of reported oil use, only a fraction of the total
actually used is represented in the PUR.

Synthetic Herbicides. Due to the fact that 98 percent

of the reported F-10 o0il use on alfalfa was for winter weed
control, only synthétic alternatives for winter weed control
will be discussed in any detail.

Diuron at 1.2-2.4 1b. ai/A has been effective for the

64 Réinfa]] or

control of annual weeds in dormant alfalfa.
jrrigation is essential to move the herbicide into the soil
where the weed seeds germinate. Diuron should only be used

in established alfalfa stands that are one year old or older
and should be applied during December or January due to injury
which could occur to some varigties of alfaifa if it is applied
later than January. The fact that common groundsel is not
controlled by diuron Timits its use to areas where groundsel

is not a problem. Small quantities of diuron may remain in

the soil beyond the harvest of the crop; therefore, it should
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not be‘used during the last year of the stand especially if
crops susceptible to diuron such as sugar beets, cereals or
lettuce are to be planted following the alfalfa crop.65

DNBP is an oil soluble herbicide that is usually mixed
with 30 gallons of weed oil and 30 gallons of water. However,
DNBP is also available in an emulsifiable form when it is for-
mulated as 30 percent ai with 70 percent inert ingredients
which includes 30 percent weed oil. The recdmmended application
rates call for 1.25-1.9 1bs. of active ingredients per acre
emulsifiable DNBP with 40-60 gallons of water per acre for
satisfactory control of winter annual weeds when applied to
established stands during the dormant season.66 This treatment
may give éatisfactory control of broadleaf weeds but probably
would not give satisfactory control of grassy weeds. For im-
proved residual control of most annual weeds, it is recommended
to use 4-12 pints of emulsifiable DNBP mixed with diuron plus
5-10 gallons of weed oil and enough water to make 50-100 gallons
of total spray per acre and applied to the alfalfa when it is
dormant.67 |

A reduction greater than 99 percent of the amount of weed
0i1 used on each acre of alfalfa treated would be realized if
the emulsifiable DNBP formulation were used with only water, and
a 66 to 83 percent reduction would be attained by using the
DNBP, diuron, weed 0il combination assuming the present average
application rate for 0il alone is 30 gallons per acre.

Paraquat is a contact herbicide for use in dormant aifa]fa

For winter weed control. Paraquat at 0.5 to 0.75 1bs. ai/acre

416



Eame

can be applied to established stands after the last fall cutting
when the crop is dormant and before spring growth starts.
It should be applied when broadleaf weeds énd grasses are succu-

Tent and 1 to 6 inches ta11.64

68 It has

Paraquat is an effective weed control herbicide.
the advantage over weed 0il1 of being readily applied by air
Qhen the fields are tco wet to get in ground spraying equipmént
which is necessary for effective coverage with weed oil. However,'
some disadvantages of paraquat are thét it is a restricted herbi-
cide due to high toxicity to humans and requires a use permit
from the agricultural commission, and thére is a spray dfift
hazard to susceptible crops when it is applied by air. Additionally,
paraquat has the restriction that it cannot be applied to alfalfa
if there is mdre than 2 inches 6f alfalfa regrowth due to high
residue problems, and this point alone can 1imit the number of
situations where paraguat can be used.

A spray of CIPC (2-4 1bs. ai/acre) plus DNBP is very effec-

68 Metribuzin at

tive in controlling winter weeds in alfalfa.
0.25 to 1 1b. ai/acre applied as a broadcast spray is also very
effective for controlling winter Qeeds in established alfalfa.
North of Interstate 80 in California, terbacil at .4 to 1.2
1bs. ai/acre applied as a broadcast spray can be used for control
of winter weeds. A single application can be made in the fall-
after plants become dormant or in the spring before new growth
starts. For semidormant and nondormant varieties, the application

can be made in the fall or winter after the last cutting.64’68
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Table A.3-8 shows winter annual weed susceptibility to
the herbicides discussed for use on alfalfa when applied at
the suggested rates. Synthetic herbicides are economical and
efficienﬁ alternatives to using hefbicida] 0ils for winter weed
control in alfalfa. However, it should be mentioned that
replacement of weed 0ils with synthetics or reduction of oil
use below 30 gallons per acre would result in the loss of weevil
suppression afforded by the o0il. Growers that depend on weed
0il weevil suppression would have to add some other weevil
suppression program to their overall management plan, thus in-
creasing use of synthetic insecticides.

Synthetic Desiccants. Some synthetic materials sprayed on

hay for desiccation can be & problem with seed germinaticn.
Synthetics work fast and sometimes don't give good coverage on
a heavy stand of hay. On a heavy stand of hay, a common practice
is to make a first spray with emulsifiable DNBP and then to make
a second spraying with DNBP and weed 011.69
Endothall at 0.33 to 0.75 1bs. ai/acre can be applied 5-10

71

days before harvest. Emulsifiable DNBP at 1.25 to 1.9 1bs.

ai/acre mixed with 10 to 20 gallons of water per acre can be

applied 3 to 6 days before harvest;66

Even DNBP at 1.25 to 1.9
1bs. ai/acre mixed with 15 gallons of weed o0il per acr‘em‘l could
result in a reduction of up to 66 percent of the amount of

weed 0il used for desiccation of alfalfa if the manufacturer's

recommendation of up to 45 gallons of 0il per acre is assumed to

be the maximum application rate.
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Paraquat is also registered for preharvest desiccation of

alfalfa seed but is not widely used.
A.3.1.4.3 OQther Alternatives

Introduction. There are several alternatives to using her-

bicides for weed control in alfalfa that. primarily work toward

increasing the vigor of the alfalfa and decreasing the competition

of weeds. Vigorous alfalfa is one of the best ways to control
weeds, especially summer weeds. Summer weed control was not
discussed under synthetic alternatives because weed oil is not
used for controlling summer weeds with the possibie exception
of it being used to spot treat Tor dodder.

Cultural. Fields that are infested with perennial and
annual weeds that are difficu1t to control should be avoided
if possible and not planted with alfalfa.

Good land preparation is essential to obtain rapid stand
establishment and to facilitate later cultural operations.
Also, good land preparation can increase the effectiveness of
pre-plant, pre-emergence and post-emergence use of selective
herbicides.

Preplant irrigation to germinate weed seeds Tollowed by
1ight disking is an effective preplanting weed control technique.
After the Jand has been prepared, planting the best variety
for a particular locality is one of the most important ways
of assuring good stand vigor and increased ability to out-

compete weeds.
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Propef management is essential for keeping a stand of alfalfa
healthy. The proper timihg of irrigation resupply to the soil
alleviates the probiem of plants being drought stunted or flooded
when a set irrigation schedule is followed.

One of the more drought susceptible times for alfalfa is
the regrowth after cutting; therefore, irrigation scheduling
must allow for adequate water to be left in the soil to provﬁde
for rapid regrowth. However, the soil must be dry enough for
equipment movement during cutting. It is also undesirable to
irrigate directly after cutting to avoid germination of grasses
and weeds which require 1ight and a moist soil surface 1o trigger
growth.72 Additionally, excessive irrigation should be avoided
as it can be responsible for outb}eaks of phytophthora root rot
and other diseéses that will result in stand losses and reduced
vigor. '

A method which may be used by the individual producers to
effectively manage irrigation water incorporates the use of
water evaporation from an open pan as a measure of the crop water
Qge. This method simply budgets the input, irrigation water and
precipitation, and the output water use by the crop. However,
this method requires a know1edgé of soil, crop and weatner data.72

Wheel traffic from harvesting alfalfa grown in sandy and
medium textured soils can cause inhibited root growth to a depth
of at least 14 to 18 inches as a result of soil compaction.
Theééfore, to maintain gcod alfalfa vigor necessary for weed
competition, alfalfa grown in sandy and sandy loam soils should

not be harvested as a first cutting until the alfalfa tap root

421



73 Additionally, experiments indicate

is down at least 14 inches.
that wheel traffic in alfalfa fields after harvest result in
reduced yield and stand longevity, and as a result, increased
competition by weeds is likely to occur‘.74 The primary reduction
in alfalfa vigor results from damage to crowns and regrowth

shoots which can then be further damaged by development of
disease.

Possible ways of reducing traffic effects and, thereby,-
increasing alfalfa vigor and stand longevity include standardizing
wheel traffic patterns, establishing designated traffic lanes
in the alfalfa field, corrugation or drill planting, and bed
plantings with shallow furrows to be used as lanes for standar-
dized wheel traffic.

Good insect pest management is very important in increasing
alfaifa vigor, thereby enabling the alfalfa to out-compete
weeds. Insect pest management will not be discussed in any
detail here as it is indirectly related to the reduction in
the use of weed oils for winter‘weed control. Hdwever, it is
important to mention that there have been severaf insect
control programs developed by ongoing vesearch and are available
to alfalfa growers. These include, but are not limited to,
insecticidal, biological, cultural and integrated pest management
(IPM) which uses a combination of the first three controls.
Whatever insect control is used in alfalfa, it should be used
judiciously as it has been estimated that nearly 1,000 species

of arthropods occur in irrigated alfalfa in California but less

~
N
r



e

than six of these affect crop yields significantly and many are
beneficial predator insects in alfalfa and other crops.75

Clean farming where undesireable vegetation (mostly weeds)
is removed from around the borders of a field has both positive
and negative impacts. On the positive side, it eliminates the
weed seed reservoir that can exist and perpetuate weed control
problems. On the negative side, it could mean the loss of a
reservoir for beneficial insects if the alifalfa field is not
border harvested. By border harvesting, a 5-foot wide strip of
hay is left along every other levee on the opposite side at
each cutting. This means leaving less than 5 percent of the
field uncut at any given harvest which provides habitat for
beneficial insects. The extra growth is then picked up at
the next cutting.75

Cutting frequency affects alfalfa vigor and weediness. Too
frequent of a cutting cycle does not allow the roots to replenish

expended carbohydrates used in the previcus growth cycle;

consequently, plants become less vigorous, have smaller crowns

with fewer stems and eventually stands become thinner which
immediately brings on an increased quantity of weeds. Alfalfa
has the capacity to compete well with.weeds, but it must be

cut at intervals that allow it to maintain its vigor and rapidity
of recovery where it can effectively shade out most ccmpetitive
weeds. Experiments show that harvests made on 21 and 25 day
intervals contained about 50 percent weeds while harvests at a

29-day interval (10 percent bloom) contained only 3 percent weeds,
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and harvest at 33(mid-bloom) and 37-day intervals were completely
free of weeds.76
Fall and winter grazing of livestock in alfalfa fields
(sometimes called sheeping off) can be used for controlling
winter weeds, but it should only be done for short periods

at lengthy intervals.75

Some disadvantages to this practice
include weed seeds being brought into the field by the livestock
and damage to the alfalfa crowns.

Mechanical. Mowing and mechanical renovation such as
harrowing of alfalfa fields are methods of controlling weeds,
but both mean more wheel traffic in the field resulting in
the negative effects previously menticned concerning wheel
traffic. An additional negative impact from mechanical renovation
is the damage that can occur to alfalfa crowns and the increased
susceptibility to secondary damage from disease. Cultivation
ijs not desirable in solid plantings of alfalfa.

Flaming. Flaming alfalfa during the dormant season can give

77 However, flaming is

68

excellent winter weed and weevil control.
not practical to any extent in Ca]fforﬂia for several reasons:

(1) It is expensive by requiring 30-40 gallons of propane
or diesel fuel per acre;

(2) The flamer must move slowly to be effective, and flaming
can only be done profitably after the dew is evaporated,
further 1imiting its feasaﬁi]ity;

(3) Flaming can only be done legally on burn days, requires
a burn permit, and the payment of a burn fee is re-

quired in Imperial and Sacramento Counties:
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(4) Flaming is done most efficiently when the air is
calm which further restricts its use.

Desiccation. Alfalfa seed is usually harvested by spray

curing with a desiccant followed by difect combining or by
windrowing followed by combining. The method that is used will
be influenced by factors including local weather conditions such
as'the occurrance of strong winds, rain or dew]ess'nights;
grower preference; maturity of stand and amount of green seed;
economy of operation; and the length of the harvesting season.78
An advantage of windrowing rather than spray curing is that
nearly mature seed will finish developing in the windrow after

swathing. A negative aspect of windrowing is that there can

be an increased loss of seed due to shattering.
A.3.1.4.4 Application Methods of Herbicides and Desiccants

Nonsynthetic Hydrocarbons. Winter weed contrel in alfalfa

can be a real problem at times when weed 01l is to be used,‘and
the ground is saturated from rains. Germination of winter annuals
usually dictates when weed control is needed, and as was men-
tioned previously, weeds are easier to kill when they are young;
therefore, there is a necessity to gef into the wet fields if
at all possible.

Applying 30 gallons of weed oil with 30 gallons of water
(the average and minimum ef%ective rate) means applying a minimum
of 60 gallions of spray per acre. This high volume spraying
requires high pressure (50 to 60 psi) and high volume spray

equipment.
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Weed 0ils are seldom applied by air to alfalfa because
sufficient coverage is difficult to achieve and effective weed
control 1is nét attained.

Alfalfa seed desiccation with weed 0il is seldom done by
air for the same reasons it is not used for weed control --
insufficient coverage. When there is a stand with heavy growth,
two applications of fortified weed oi]_are usually applied by
ground spray rigs. The second application wf]] follow the
first by several days and be applied in the opposite direction.

Synthetic Herbicides. Winter weed control with alternative

synthetic herbicides is more efficien{ than using weed oils.
Synthetics are usually applied as low volume sprays at low
pressures (30 psi). This means a high capacity spray rig used
for weed 011 could spray for longer periods using synthetics
without having to be serviced as frequently.

Synthétic herbicides can be applied very effectively by air
which can mean proper timing of winter weed control regardless
of field conditions. Air application also eliminates the soil
compaction and crown damage that occurs when ground spray rigs
are used whether they are equipped with flotation tires or not.

Aerial application of synthetic desiccants could be used

effectively on alfalfa seed crops; however, PUR data indicate

“that at most only 1 percent was desiccated by air in 1977.

Perial application could reduce the extent of damage that occurs
to mature seed pods by ground spray rigs.

The major drawback for using aerial applied herbicides 1is
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the problem of spray drift. The herbicides used for weed control
and desiccation are very phytotoxic and can do serious damage

to non-target crops hit by spray drift. This factor also needs
to be considered when evaluating the fype of spraying program

that will be used.

A.3.2 Home and Garden Use

An on-site store survey for home and garden pesticide
products in Sacramento, was made in December. The surveyed

stores include:

Baker's Nursery ‘Fair Oaks Nursery Gemco
Capital Nursery Fountain Square Nursery Handyman
Emigh Hardware Four Seasons Nursery House of
White Garden
Supplies
K-Mart Orchard Supply of Savings Center
Lumberjack Sacramento Simms Hardware
Martins Hardware Pay Less Valley Hardware
Newberts Hardwate Pay 'N' Save Ward's Department
Raley's Stores

These stores (and all branches) total 53. This is appro-
ximately 58 percent of the total number of retail outiets for

home and garden pesticides. A quick survey of the Telephone

‘Directory revealed approximately 91 hardware and retail drug

stores, nurseries and garden shops.

There were a total of 98 products surveyed. Of these products,

.only three were Formulation 10 in nature: Volck Supreme 0171l

Spray, Weed and Grass Killer and Mole and Gopher Get. The re-
maining products were all synthetic pesticides containing various
percentages of nonsynthetics.

Due to the large number of retail stores selling pesticide
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producté for home and garden use, a statewide survey in order
to provide a quantitative estimatioﬁ of the total consumption
in California is beyond the capability and purview of this
project.- A more detailed survey effort under separate funding
support is required to accomplish such an effort. For the pur-
poée of this report, the home and garden use of 0il pesticides
in California was estimated based on the reported use statistics
of the PUR. Such estimations were presented in Vo]uhe II of
this report.

Table A.3-9 summarizes the results of the home and garden

product survey in Sacramento.

A.3.3 Other Non-Agricultural Use-

A.3.3.1 School Districts
A.3.3.1.1 Introduction

Available, published data showed only 178,068 pounds of

79

NSHC's were applied by school districts in 1977. Only oils

applied by commercial pest control operators were required to

be reported and, therefore, the PUR represents a small fraction
of actual oil applications. Becausé of the deficfency of

records, other data was secured by means of a telephone survey
of selected school districts. Sixty~four districts were chosen
at random, using a table of random numbers and an SR-51 calculator.
These were céhtacted and the data from this survey forms the basis

for the statewide use pattern and emissions inventory. The
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TABLE A.3-9 (cont'd)

MANUFACTURER

PRODUCT NAME

TUco, Div. of Upjohn Co.

84.6

15.4

Endide

Hole & Gopher Get Mfg. Co.

0.02

99.98

Hole & Gopher Get

James Chemical Company

9.25

35.25

KXL
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subsampTe'represents 5.8 percent of the districts in the state.

Results of the survey are discussed below.
A.3.3.1.2 0il Use
A.3.3.1.2.1 Insecticides

Insecticidal o0il appliications reported in the PUR totaled
44,152 pounds in 1977, 63.7 percent of which were applied in
Los Angeles County and 27 percent in Santa Barbara County.

The telephone survey revealed no new data on insecticidal oils
used by school districts and therefore, PUR values will be con-

sidered to be 100 percent of the actual. 0ils used for this pur-

pose were only 1.3 percent of all oils applied by school districts.

A.3.3.1.2.2 Herbicides

Extrapo]ation of telephone survey response indicated that
3,405,527 pounds of NSHC's were used as herbicides. Weed oils
were 67 percent of the total and the remaining 32 percent were
diesel and miscellaneous oils. (See Table A.3-10). Since the
survey was random for the entire state, county by county dis-
tribution of survey data was based on the total number of schools
in each county except where specific information was avai]ab]e.go
In such cases actual Va]ues were used. A monthly distribution
of oils applied could not be accurately determined through the
phone survey. However, response indicated that applications occur
seasonally, with spring and late summer being the two peak times.

This information concurs with reported values (PUR) and therefore,
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monthly distributions were in accordance with the PUR pattern

(see Figure A.3-1).
TABLE A.3-10

Summary of School District Survey and Statewide Extrapolation of Data

Survey Response Data [
(Total from 64 shools ' *
contacted) ! Percent
Statewide of
o gallons | density | pounds Total . Total
Insecticides applied | 1bs/cal ! applied! (pounds) Dils
From PUR ; ; - 44,152 1.3
Herbicides %
diesel & misc. 10,101 6.3 63,636 | 1,103,687 ? 31.9
oil 5 '
weed o1l 17,030 7.8 132,834 | 2,303,840 66.7
Subtotal 27,131 - 196,470 | 3,407,527 98.7
Total 0i1 Applied ; 31,091 - 221,418 | 3,451,679 | 100

Of the districts contacted, 40 percent indicated nb weed
0ils or diesel fuels were used for weed control. However, Fifty-
four percent of these were small, one-school districts where
any weed control was by hand and/or mechanical methods. The
remaining 46 percent used synthetic chemicals and mechanical
methods of weed control. These are discussed in the following
pages.

Advantages and Disadvantages. Nonsynthetic hydrocarbons

have been used extensively in the past to control nonspecific
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‘Figure A.3-1. Monthly Distribution of 011 Pesticides Applied -
by School Districts in 1977 (PUR).

weeds along fencelines, and property boundaries, ahd to control
gfasses around sprinklers, buildings and backstops. Oils are
also used to burn in lines on athletic fields. Used for these
purposes, 0ils are fast-acting, efficient top burners and have a
‘ fe]atively slight health impact on humans.81

A1l districts surveyed indicated that problems with oils
are primarily asthetic; Offensive odors and stains on buildings
and sidewalks were two of fhe most common complaints leveed
against its use. More recently, price increases on all oil

products have precluded their use for many districts and forced
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changes to synthetic chemicals and other methods of contro].82

Synthetics. Use of synthetic pesticides on school grounds
is very limited because of the potential health impacts of "hard
chemicals" on humans. There are, however, fwo chemicals currently
receiving widespread use; Round-uﬁs)and Phytar 560. Twenty-
six percent of the districts surveyed are using either one or
both of these products. These are slower acting herbicides,
requireing several days for full effectiveness and some chemicals,

® 83

such as Round-up~ require special storage containers. Other
products being applied in small quantities include Assault,
Dowpon-C, aminotriazole, simazine and diquat. White acrylic
laytex paint is being used with good results in one district
for athletic field boundaries and other districts appear to be
interested in this approach.84’85

Conclusion/Recommendations. There are available at the

present time synthetic chemicals which can satisfactorily control
weeds and maintain athletic field boundaries as required by
school districfs. These include Round~uéEl Phytar 560 and
acrylic latex paints. Implementation can be facilitated through
the education of school maintenance personnel as to the synthetic
pesticides and alternative control methods available for their use.
In Tight of Proposition 13 budget cuts and increasing oil cost,
the use of weed oils and diesel fuel wil continue to diminish

and the cohtribufion of school districts to the total ciil use may

soon be insignificant.

A.3.3.2 Vector Control
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A.3.3.2.1 Introduction

The data base for nonsynthetic hydrocarbon use by vector
control is the 1978 Year Book of the California Mosquito and
Vector Control Association Inc. (C.M.V.C.A.)86 Data from this
source represents 98 percent of total NSHC applications made by
Vector Control in 1977. The Pesticide Use Report, while being
.fair]y accurate in showing monthly distribution of o0il applications,
reflects only 12.5 percent of the oils actually app]ied.87 The
"large discrepancy in the records exists for several reasons.
Applications listed for Vector Control are those made by Vector
Control personnel only and do not inc]qde contract works done
for the agency. Another factor involves the application of
industrial oils (i.e. diesel). D.F.A. records only registered
pesticide applications and, therefore, approximately 1.4 million
pounds of diesel o0il (32 percent) remained unreported in 1977.88
- In conjunction with this there are other unreso1ved reporting
procedure différences which add to the discrepéncy. An additional
five percent may be lost during processing because of misiabeling

and rejated human error.Bg

A.3.3.2.2 0il Use

Insecticides. Nonsynthetic hydrocarbons applied for insec-

ticidal purposes accounted for 92 percent of the 4,466,788 pounds
used by Vector Control. Larvicidal oils, such as Flit MLD and
those of the Golden Bear Series, accounted for 58 percent of the

applications and diesel fuels totaled 32.3 percent. The remaining
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Table A.3-11).

fornia by vector control

9.7 percent were weed o0ils and other miscellaneous o0ils

is shewn in Figure A.3-2.

(see

Monthly distribution of NSHC's applied in Cali-

0ils have always been one of the most effective and widely

used larvicides applied in California.

block the
air-water
action of oil
developed

abatement

programs throughout the state.

TABLE A.3-11

interface producing death by suffocation.

Summary of Nonsynthetic Hydrocarbon

Appltied to water, o0ils

air exchange mechanism of the aquatic larvae of the

Since the

is strictly physical, no resistance has been

to oils and they remain an indispensiblie tool in

Applications by Vector Control in 1977
O

\ Percent [|Percent

of of

0i1 Type Pounds Apnlied {011 Type | Total

Insecticides Larvididal 2,381,718 58.0 53.3

Weed 011 396,088 9.6 8.9

Diesel 1,325,478 32.3 29.7

Miscellaneous 3,298 0.1 0.1

Subtotal 4,107,482 100 92.0

Herbicides Weed 011 275,179 76.6 .2

Diesel 84.127 23.4 0

Subtotal 358,306 100 8.2

GRAND TOTAL 4,466,788 100%
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Herbicides. Application of herbicidal weed o0ils by vector
control totaled 275,179 pounds (76.6 percent ) and the remaining
84,127 pounds were diesel o0il (see Table A.3-11). Distribution
of these o0ils by month is also shown in Figure A.3-2.

Nonsynthetic hydrocarbons used for weed control normally
accomplish a dual purpose. The primary objective is the des-
truction of agquatic or terrestrial weeds which serve as mosquito
habitat (source reduction), thus making larvae more susceptable
to natural predators. However, when so applied, the oils not
only kill the vegetation but also act és a larvicide, creating
a8 suffocating film on the water surface. This method is used
extensively in the San Joaquin County dairy industry for
mosquito contrel in dairy drains. . The effTuént from these lcca-
tions is high in organic matter and provides excellent habitat
for larvae development. Heavy oil applications (over 30 gallons/

acre) are often required to control weeds under such conditions.
A.3.3.2.3 The Pest Problem

The mosquito is the specific target.pest of vector control.
The numerous species of mosquitos all develop through the
same life stages and are susceptabie to chemical, physical, and
biological controls at the same states of maturation. Major
emphasis of vector control is the elimination of larvae before
they reach pest status as adults. Mosquito larvae are confined
to aguatic habitats during their development but metamorphose
into winged adults.

Larval stages are the weak link in the life cycle of this
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pest and are susceptable to the greatest variety of control
methods. Because of this, present control programs are three
fold directed primarily against larvae. Source reduction,

that is, the elimination of standing water where possible,

and the removal of vegitation from breeding habitats is a major
goal of vector control. Fewer breeding and development sites
for mosquitos will reduce pest popuiations. Biological control
is another method employed which serves to disrupt developing
populations. There are a few biocontrol agents which have proved
very éffective in reducing numbers of Tarvae. These are dis-
cussed below in Section A.3.3.2.7. The third method is chemical
control which is the most expedient means to achieve rapid re
duction in numbers, however, problems with resistance may reduce
synthetic chemical effectiveness over time. No resistance has

been found from using nonsynthetic hydrocarbbns.88

A.3.3.2.4 Application Rates and Methods

Nonsynthetic hydrocarbon applications by vector control
are almost exclusively by ground spray methdds. Larvicidal oils
are dripped or sprayed onto water surfaces at rates of one to
five gallons per acre using hand held wands and mechanical
booms. Herbicidal oils are applied with the same type of
equipment but at much higher rates. Actual rate depends upon
size, density, and types of weeds treated but generally follow
recommended rates of 30 gallons per acre. In probiem areas, such

as dairy drains, rates may run as high as 50 gallons per acre.

‘Y‘n‘/
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Aerial applications of oils are impractical for this agency
and are therefore infrequent. Extensive aerial treatments are
performed (620,729 acres in 1977), however, these are primarily

applications of synthetic chemica15.86

A.3.3.2.5 Advantages and Disadvantages

0ils function as dual purpose larvicide/hérbicide products
in many areas including dairy drains, sewage and waste treat-
ment ponds, and standing water. Because of their effectiveness
against target pests without the threat of resistance development,
0ils are essential tools for vector control. O0ils can damage
spray equipment when used for extended periods of time and are

messy chemicals to apply.
A.3.3.2.6 Synthetic Pesticides

Synthetic chemicals used in vector control are applied as
larvicides and adulticides in all 66 districts. Chemicals
functioning as both include Malathion, Fenthion, Parathion and

®

DursbanY. Malathion was the most widely used synthetic chemical
contributing 81.6 percent of the reported synthetic usage87
and is preferred by vector contro]lapp1icators because of its
effectiveness against both Tarvae énd adult mosquitoes. Mosquito
resistance to most all synthetic insecticides has precluded their
use for varying periods of time in some 1ocations.88 Fenthion

is receiving wide use because of its control effectiveness and

non-toxic effect on honeybees. Parathion use is limited by
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resistance as is dursban and several other synthetic chemicals.
Table A.3-12 lists the major products as reported in the 1977
Pesticide Use Report. Values shown here are contrary to these
reported by the State Department of Health, Division of

Vector Control.86

A relatively new synthetic pyre’throid,-Pydrir#E is receiving

mere research attention in several areas of pest control. It

" has been tested in aquatic environments for effectiveness on

mosquito larvae and proved to be extremely effective. However,

L s . . X 8
it is also very harmful to many other aquatic organisms. 9

Because of its biocidal properties, its use in aquatic environments

is being discouraged.S8

TABLE A.3-12

Synthetic Chemicals Used in Vector Control
from 1977 Pesticide Use Reporta

: Pounds Percent
Chemical Reported of Total
Malathion 154,960 81.6
Fenthion 16,991 8.9
Parathi 4,738 2.5
Dursbar 3,963 2.1
A1l Other

Insecticide
Compound ' 9,334 4.9
TOTAL 189,986 100.0

@ The PUR value for malathion exceeds applications reported by
State Department of Health, Vector Control by a£§§ctor of
8.7. Values for Fenthion, Parathion and Dursban®™ are under-
reported in the PUR by factors of 1.2, 3.7, and 1.3 respectively.
Total synthetics frgm PUR exceed Vector Control applications
by a factor of 2.5.50
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Resistance Factors in Mosquitoes. Resistance is a genetic

chéracter present in some mosquitoes. It is a process whereby
specific enzymes are produced by the mosquitc which can break
down normally toxic chemicals into non-toxic by-products. Manu-
facturing these enzymes requires proteins. Since there is a
Timited reservoir of proteins avéi]ab]e'for synthetic, a shift
in body functions takes place. The production o? these proteins
apparently causes a reduction in the egg Tayingicapacity by up
to 25 percent in resistance species.s8 Consequently, the
number of eggs might be reduced from 400-600 eggs/female/year in
non-resistant individuals to 300-450 eggs/female/year 1in
resistant mosquitoes.88
Disappearance of the resistance factor from a population
is dependent upon the length of time resistance has been selected
for (i.e. the size of the resistant population) and whether or
not the mosquito population is under stress due to the reduction
in the egg laying capacity. If‘fewer eggs deposited per yeér
impeses a hardship on the population, then production of the re-

sistant enzyme might be reduced in favor of increased egg

production. Unfortunately, it appears that a 25 percent reduction

in egg laying caﬁacity is not significant and it is estimated
that a period of 10 years may be required before this factor
"disappears" from the population and control is again poésib]e
with synthetic pesticides.88

Dur%ng this period of resistance degeneration, oil becomes

the key chemical control agent. Because the action of oil is
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physical (i.e. suffocétion).mosquitoes do not become resistant,
whereas, c¢ross resistance may develop rapidly if alternate
synthetics are used. This problem arises when a population has
developed resistance to one organo bhosphorus material. Sub-

sequent treatments with a different synthetic will result in

‘rapid build up of a population resistant to the new chemical

30

while maintaining its resistance to the first organo phosphate.

This situation has already developed in most mosquito abatement

districts 1in Ca]ifornia.gl

A.3.3.2.7 Bioclogical Control

Introduction. Biological control has been an integral

part of vector control strategies. for a number of years. There
are areas where synthetic and nonsynthetic pesticide use 1is

limited or restricted (such as rice fields and residential

areas), and non-chemical control methods are necessary. Bio-

control agents ‘examined here include mosquito fish, planaria
and hydra. Fourty-two districts (71.6 percent) were using
one or more biological controls as part of their abatement pro-

grams in 1977.86

Some districts experience few mosquito problems
and therefore do not bother with extensive rearing and distri-
bution of these agents.

Gambusia affinis. The mosquito fish, Gambusia affinis, is

probably the most widely known and presently, the most widely

88 These

used bioccontrol agent in California against mosquitoes.
fish suppress mosquito populations upon which they feed and are

currently being used in 42 districts. Adequate control has not
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been échieved in field conditions to replace pesticides completely;
however, significant reductions have occurred.92’93

Mosquito fish are susceptable to different organophosphate
chemicals used in other control programs. Work by Mulla (1961,
1963, 1966) in this area showed malathion more toxic to fish than
DDT and parathibn causing 48-70 percent mortality at .5 1bs./acre.
Parathion caused 18-30 percent mortality at .1 1b./acre while
methyl parathion showed no mortality at the same rate.94’95’96

Where biological control programs are operating and mosquito
fish are a part of this, care must be taken before synthetic
sprays are applied to avoid disruption of fish population.

Gambusia must be restricted to certain habitats to be effec-
tive in biocontrol of mosquitoes. Aquatic habitats which are
"too cold, too plant infested, polluted, lacking in protection
from their own natural enemieé,‘or simply tco extensive or
temporary for the fish to achieve mosquito controlling densities
should be avoided.93

Effective populations of fish have been reported to be
at concentrations of 1.2 to 2.2 fish per cubic foot of water.

Planaria. Dugesia dorotocephala (Woodworth) have been
shown effective in destroying laboratory and field populations of
mosquito larvae. Planaria are voracious eaters and often kill
many more larvae than they consume. They are extremely difficult
to kill and are able to survive for at least four months without
food. They also have the capacity to go through a dormant stage

if pond conditions are unfavorable. Rearing large numbers of

these in a small area without cannabilism occurring is a great
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advantage in mass production. The semi-dormant eggs can be
sprayed onto ponds with conventional spray equipment.g7

Control of mosquite larvae has been obtained at 25 planaria
per squdre yard. More concentrated populations exert greater
suppressive action. They survive in most polluted waters and
.appear to be a great asset to biocontrol and IPM programs. The
planaria larvae secretes a mucus substance which has shown lar-
vacidal effects on mosquitoes. Research is currently under way
to determine the potential of this substance.97’98

Hydra. A relative of the jellyfish, the tiny hydra are
voracious eaters also and destroy large numbers of mosquito
larvae. They are easily introduced into rice fields in large
numbers and exert considerable control over mosquito populations.

Current research is being conducted in Kern County rice fields

to determihe their suitability as large scale control agents.99
A.3.3.2.8 Integrated Pest Management

Vector control districts are attive]y involved fn integrated
pest maﬂagement'to varying degrees depending upon 1ndiv1dua1
needs. IPM programs involve the three aspects discussed in the
section on pest problems (A.3.3.3.3):; physical (source reduction),
biological, and chemical control. These are used in combinations
as reguired in different areas. IPM has been very successful
in Marin County saltmarshes in reducing pesticide applications and

insect popu1ations.]oo

As with IPM programs in all areas, mos- "
quito control involves close monitoring of. populations and sprays

or alternative control methods directed at high concentrations of

451



TN

o
L \

adults or larvae. Maximum utilization of biological control
agents and maximum source reduction are all necessary for op-

timum success of any IPM program.
A.3.3.2.9 Insect Growth Regulators

Insect growth regulators (IGR) hold promise for mosquito.
control in the future. Research currently underway.is seeking
to determine the practicality of these compoundg.

Two products which have proven effective as IGR's are
Methoprene, manufactured by Zoecon Corporation, and TH-6040
(diflurbenzuron or Dimilin) a product currently being considered
for a mosquito control label by the Environmental Protection
Agency. IGR's prevent Targe larvae from maturing into adults
thus causing them to die before they can leave their aquatic
habitat. Success has been high in laboratory experiments and

field trials are currently underway.m1

A.3.3.3 Creosote Wood Preservation
A.3.3.3.1 Introduction

'Many wood species have some degree of natural resistance to
decay, but all wood products, regardless of their original strength,
durability or natural resistance, are subject to some degree of
degradation when placed in conditions where the wood is susceptible
to attack by fungi, insects or bacteria.

The 1ife of properly treated wood can be increased by a

factor of five or more using present-day preservatives although
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the actuaT 1ife varies depending on the intensity of use, climate,

environment and other factors.m2
The primary wood products preserved in California during

1977 with some form of creosote included railroad crossties,

poles, piling, lumber and timber.
A.3.3.3.2 Background

1. Description of the California Wood Preserving Industry.

There were 13 wood preserving plants in operation in California
during 1976 of which 11 were pressure treating plants, one was
nen-pressure treating and one was a combfnation pressure and
non~pressure treating plant. Four of the California plants used
creosote and/or oil borne preservatives, and all four of the

102

plants used préssure cylinders for the preservative treatment.

2. Application Methods. The method by which preservatives

are impregnated into wood is nearly as important in determining
the treatment effectiveness as the type of preservative used.
The desired characteristics of a good application method are an

abﬁlity to secure a deep and reasonably uniform penetration with

a preservation retention appropriate to the ultimate end use of the

product. For some purposes such as window sash and millwork,
.adequate preservation can be accomplished throug the use of rela-
tively cheap, non-pressure processes such as dipping, steeping;
brushing and spraying. However, for most industrial purposes,
adequate protection requireé the use of pressurized processes

designed to force the preservatives into the wood.102
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3. Pressure Treatment. Pressure treatment of wood with
preservatives is by far the most effective method of protecting
wood against attack by wood-destroying agents. Through pressure
treatment, deeper and more uniform penetration of preservative
can be obtained, and the retention of preservatives can be more
closely controlled. Additionally, maximum production of preserved
forest products can best be achieved through préssure impregna-
tions, since the time required to thoroughiy impregnate wood
is held to a minimum.w3

Pressure processes are performed in steel cylinders that
range in size from 4-10 feet in diameter and up to 175 feet-in
length and are capable of withstanding pressures up to 200 psi.}o3

There are two basic procedures for pressure treating wood.

The full-cell process is designed to achieve maximum retention

of liquid preservative in the wood by filling the wood cells.

The empty-cell process is designed to achieve the same depth of

penetration but with lower retention rates by merely coéting

the walls of the wood cells. Neither process actually leaves

the wood cells completely full or empty,‘but the names of the two
processes are descriptive of the basic theory behind the two
procedures.

4. Non-Pressure Treatment. Many different types of non-

pressure processes have been utilized for treating wood. The
most commonly used methods for treatment of Tumber, piling and
posts consist of various combination of dipping, soaking, and

steeping wood in hot and/or cold preservative baths. Brush and
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spray treatments are used on wood that is already part of a
structure. The effectiveness of non-pressure prccesses depends

to a large extent on the properties of the wood.]02

A.3.3.3.3 C(Creosotes and Creosote Solutions

Preservatives in the creosocte fémi]y consist of complex
mixtures of organic oils and tars which are derived primarily
frem by-products formed during coal distillation, coal tar
refining and petroleum refining. Creosote contains a large and
variable number of organic chemicals that have various inhibiting
effects on wood deteriorating organisms. Of the many varieties
of creosotes and related materials, only coal tar creosote and
mixtures of coal tar creosote with crude coal tar or petvoleum —
0ils are recognized'as preservatives in the United States.m2 \“>

Almost every aromatic hydrocarben, tar acid and tar base
have been identified in various batches of creosote. Because the
cbmposition of creosote is subject to such variations, it is
assayed and specified by its physicéi characteristics including
water content specific gravity, impurities and its fractional
distillation curve. The importance of the fractional distillation
curve relates to the fact that the components of the various
distillation fractions display different toxicities to wood
deteriorating organisms. They also exhibit varying volatilities
and solubilities in water, both affecting the relative permanencev
102

cf the treatment.

Creosote is the dominant preservative used for railroad ties

and piling but has been surpassed in quantity by petachlorophenol St
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and copper arsenate for the treatment of other wood products.
In most situations, creosote performs very well by itself.
However, in some situations, it may be blended with crude coal
tar or petroleum o0ils. Addition of coal tar may reduce the
cost of‘tﬁe preservative, and reduce the tendency of treated
wood to check or split in servicé which can allow entry to
wood destroying organisms and result in early fai]ufe.
Creosote-petroleum solutions have similar édvantages and
disadvantages to those of creosote-coal tar solutions except

that the petroleum o0ils do not increase the toxicity of the

“preservative. However, petroleum o0ils do increase the weather

resistance of the wood, stabilize the moisture content of the
weod and reduce subsequent checking. For these reasons, creosote-
petroleum solutions are used for railroad ties in the less decay-

prone, arid areas of the western U.S.102

An additional quality
of creosote-petroleum treated ties is the lubricating effect

the o0il has on the wood allowing it to be more resilient and
reducing the tendency of the tie to broom-out on the ends and re-

quire replacement.
A.3.3.3.4 Advantages and Disadvantages of Creosote

The principal advantages of creosote are its marked toxicity
to wood destroying fungi, insects and some marine borers§ its
relatively low volatility and its insolubi1ity in water, which
accounts for its long, useful like; its ease of handling and

application; the ease with which its retention and penetration
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may be determined; and its general availability and economy.

For these reasons, creosote is particularly well suited in

preservation of railroad crossties., fence posts, lumber and timbers,

crossarms, poles and pilings. However, creosoted products are

subject to some disadvantages which sometimes impair the use-

fulness of creosote for purposes other than commercial and

industrial applications. These include coior, odof, oily and

unpaintable surfaces and a tendency to bleed.102
Creosote vapors cause eye and nose irritation. Liquid

crecsote is a primary skin irritant but is not an eye irritant.

The irritation thresholds for eyes, nose and throat have not been

determined. Photo sensitization has been reported, and fair

skin men are reportedly sensitive to cresosote while dark skin

workers show remarkable resistance. Cutanecus carcinomas have <WJ

been reported. Creosote is classified as a toxic substance, but

the magnitude of this toxicity is low. The LD5O for albino rats

given a single oral dose is estimated to be 1.7 gm/kg of body

wéight° This LD50 would be approximately equivalent to a 4 oz.

dose for a 150 1b. man.]04 |
Currently, the Environmental Protection Agency has initiated

a rebuttable presumption against regisiraticn (RPAR) for coal tar

creosote, inorganic arsenic and pentachlorophenol wood preservatives.

This action was initiated against cocal tar, creosote and coal tar

neutral oil because they have been found to exceed certain risk

criteria set forth in 40 CFR 162.11. The basis for this action

js detailed in the RPAR position document which gives data that
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associates creosote with human skin and eye irritation, livestock
fatality, and fetotoxicity in test anima]s.105

The RPAR was initiated against registration of pesticide
products containing pentach]oropheho1 because scientific studies
have shown that these products exceed the risk criterion for
teratogenicity and fetotoxicity.

Pentachlorophenol is classified as a toxic substance. The
LD50 for pentachlorophenol given orally to rats is 27-80 mg/kg

of body weight. Additionally, the presence of certain compounds

called chlorinated dibenzo dioxins in commercial pentachlorophenol

has recently caused much conern for the safety of this product

to man and the environment. The concern originates mainly

because of the fact that some chlorinated dioxin compounds are

very highly toxic. Recent studies have indicated that the presence
of these dioxins in commercial products can be responsible for
certain adverse effects.

However, over the past 30 years there has been much less
"pure" penta marketed than is used today, and there has been no
record of industrial health problems among users in either the
millwork industry ér wood treating industry.104

The use of arsenical salts in'pesticidai products which in-
clude wood preservatives is alsc being reviewed because it is
presumed that these arsenic containing products exceed the 40
CFR risk criteria relating to oncogenic effects (human epidemiology
studies), mutagenic effects, and reproductive or fetotoxic effects

in mammolian test species.

The wood preserving industry has said that through the Wood
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Preservers Institute they would respond to any RPAR, if dissued,
addressing the toxicity issues raised, Showing that the exposures
and risks involved are minimal and that the benefits (which

cannot practically be supplied by alternatives) are great.]o6

A.3.3.3.5 Use Pattern of Crecsote in California

Because the railroads are the primary consumers of creosoted
wood products in California, the NSHC wood preservative consumption
for each county is assumed to be proportional to the total miles
of railroad track located in each county. Additionally, the
monthly use distribution is assumed to be the same in every
county and was derived from the monthly use pattern provided by one
of the creosote treatment plants that responded to the question-
naire survey. Table A.2-3 describes the monthly distribution
of creosote and creosote/petroleum usage by county in California

during 1977.
£.3.3.3.8 A1terna£iﬁes to the Use of Creosote

Like each of the preservatives in use téday, creosote has

end use limitations imposed by its chemica] and physical properties.
It is generally conéidered a relatively unclean preservative

because it is prone to bleed and will often leave a sticky surface
residue. Because of this and its oily nature, treated material
cannot be finished or painted. Additionally, its volatility
produces an odof that is objectionable and precludes its use 1in
enclosed space and interior construction.

Determination of the feasibility of replacing creosote with
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alternative preservatives or substitute materials involves a
number of considerations, including: the actual technical feasi-
bility of the substitution, the availability and cost of raw
materials, the cost of modifying existing facilities for produc-
tion of new products with adequate pollution control, and the
change in total energy demand resulting from the switch to

the new products.]o2

Creosote and creosote solutions can be replaced with penta-

chlorophenol for preservation of many wood products including

railway ties. Because of similarities in conditicning and treating

processes, no significant new energy needs are expected at
treatment plants following substitution of creosote with penta-
chlorophenol. The lower viscosity of pentachlorophenol solutions
would result in a treating cycle which is 25 to 40 percent shorter
thén that for cfeosote. Additionally, the temperature during
the pressure period is usually lower for pentachlorophenol than
for creosote and creosote solutions, and pre-heating the preser-
vatives is usually not suggested for pentachlorcophenol. Assuming
all other conditions are equal, the net energy required by a
plant using pentachToropheno1'w0u1d be lower than that required
by a creosbte treatment plant.102

It has been suggested that if creosote were to become un-
available, the production cost of treating wood products would

102 However, this estimation was made without consi-

be lowered.
dering crossties which made up a large percentage of creosoted
wood because data was not available for alternatives to creosote

treated ties.
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Near-term alternatives are primarily limited to preser- -
vatives presently in use, due in part to the long periods of time
required for adequate testing of new preservatives. Pentachloro-
phenol (penta) is the predominant preservative used for poles,
crossarms and fence posts and is also important in the treatment
of lumber and timbers and non-pressure treatment of millwork.

An advantage of penta is that the preservative characteristics
are due to one chemical whose concentration may be easily controlled

102 Penta is oil

to optimize its toxicity, cost and cleanliness.
soluble so the usual treatment is an oil borne treatment. How-

ever, penta 1s also used in the Ce]]oéE and Dov\ﬁE processes

where the carriers are liquid petroleum gas with ether and methylene
chloride respectively. The penta is left in the wood as a crysta- .
Tine solid and the carrier solvents are recovered. CeHon(ED or Kw)
DowR treated wood has fhe advantage of being clean, dry and

paintable with only a small amount of evaporative hydrocarbon

loss.®
| Waterborne preservatives are essentiaily a combination of
insoluble metalic salts which are precipitatéd in the wood during
treatment. The use of waterborne salts is appealing since the
preservative solution penetrates wood easily, is easy to werk

with and provides a clean, odorless and paintable product at a

relatively low cost. Additionally, the newer arsenicals are

4 The vapor pressure of pentachlorophenal being 0.00017 torr ©
20°C and 0.0031 torr @ 50°C suggests that it can volatilize
from treated surfaces.

pAS
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also resistant to leaching. However, some disadvantage of water-
borne‘preservatives are that the wood must be well dried before
treatment, that the wood is subject to swelling and shrinking as
it is saturated and dried, that these treatments do not provide
any physical protection to the wood, that the metals are extremely
corrosive, and that some of the metals have significant mammalion
toxicities.]o2
A surVey of eight of the 20 largest wood preservers was
ﬁade during 1976 to determine the re1atjve costs involved with

102 The surVey results suggest

the different preservatives.
a clear and consistent cost pattern. Water-borne preservative
treatment tends to be more cost effective on "lighter" products
(e.g. more on lumber than on timber and more on timber than on
pile) when compared to creosote and penta with 0i1 but less cost
effective on "heavier" products. Creosote, by contrast, appears
to be the most cost effective on "heavier" products and the least
on "lighter" products. Penta however, at least based on initial
cost comparison, does not appear to be a least-cost alternative
for any single product.102 | |
In the pacific region of the U.S., which includes Washington,
Oregon, California and Hawaii, creosote use was slightly greater

107 If there were

than that of pentachlorophenol during 1977.
use limitations on creosote; the most serious impacts would fall
upon the producers and users of treated ties and pilings with
lesser impacts upon producers and users of lumber, posts and other

products.

462



Alternatives to the use of creosote for treating rajilway K»)

ties. Creosote, either alone or in combination with coal tar

or petroleum is almost invariably used for the treatment of

railway ties. Some of the reasons for this preferred use are

jts water repellent qualities, its lubricating properties,

minimization of checking and splitting, proven efficiency against

decay and termités, and its traditional use by the rai]roads;m2
Should creosote be unavailable for the presérvation of

railroad ties, two possible alternatives appear feasible at

this time. The first of these would be preservation o7 ties

with pentachliorophenol in heavy petroleum. Ties treated with

pentach]oropheno] are apparently satisfactory in northern lati-

tudes as has been demonstrated by Canadian experience, but per-

SN
N

formance in southern latitudes is of yet uncertain and may depend
upon Ffactors such as the species of wood used.]oz

However, since heavy oils contain many of .the same aromatic
compounds potentially considered objectionable in creosote,
restriction of creosote could also mean condemnation of the
former in which case this alternative for creosote treated ties
would no longer be feasible.

Waterborne salts generally are not suited for the treatment
of railway ties because they make the wood brittle and give less

protection against mechanical wear.

Alternatives to the use of creosote for treating poles.

In recent years there has been a shift in treating poles with
creosote to pentachlorophenol. Pentachlorophenol is generally

preferred for several reasons: it is less expensive than creosote, {_j
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it prdduces a clean pole, and it produces a lighter colored
"aesthetic" pole. Arsenicals can also be used to treat poles.
However, they do have some undesireab1é characteristics that
have prevented their widespread use for this application.

Poles treated with arsenicals are harder and more brittile
than those treated with creosote. This characteristic makes
poles hard to climb with climbing spikes. Addﬁtiona11y,.c1imbfng
spikes may cauge splitting of the wood, decreasing the life of-
the pole and possibly making it less safe to climb. It seems
11ké1y that creosote and pentachlorophencl will remain in

102

competition for the treatment of poles.

Alternatives to the use of creosote for treating lumber.

Most of the lumber products treated with crecsote are timbers
used for bfidges and other industrial structures and crossarms
of utility poles. In most cases, either pentach1oropheno1 or
arsenicals could be substituted for this use. However, in the
case of large timbers and laminated members, waterborne salts
could pose seasoning swelling problems, and for these cases,
pentachlorophenol would be preferred.]oz
Besides replacing creosofe with other preservatives that
have less or no hydrocarbon emissions, modification of the creosote
preéervative can be done to decrease the amount oY associated
hydrocarbon emission.. As was mentioned previously, addition
of 2 percent pentachlorophenol to creosote produces a marked
increase 1n vapor pressﬁre which results in a decrease in creosote

volatilization. Also, it was found that high (40 percent) residue

creosote has less volatilization losses than Tow (20 percent)



CONCRETE

M‘,‘JOA advantages of conerete inelude:

concrete structures may be pre-cast oif-site and ‘

- ~~ected later;
. nerete's
that of wood;
concrete is pliable when freshly poured: it may be
easily mmoided into 2 variety of non-standard shapes
and sizes as
raw materials may be obtainec relatively easily;
o itisresistani to fire and weathering processes;and -
itis resistant to termite and fungal attack.

load carrying capacity is higher than

vell as into many identical components; -

. STEEL

Major a&vantages of steel incluge:
e it has 2 very high strength;

¢ size limitations are much less severe than with any

" other construction material;
it may be produced in any desired shape;

e jts hazrdness and ductility can be controlied to a

large degree;

it is fire and decay resitant; and

it requires very little mainienance for most uses.
In addition, weathering steels {such as AST
now available which do net require painting.

\

‘Major advantages of aluminum include:

ALUW

© it is approximately 385 percent of the weight of

steel;

it is corrosion resistant;

itisstrong;

it requires little mzintenance;

itis fire and decay resistant;

it has @ high salvage value;

it may be produced in any desired shape:;and

it is the most zbundant metal in the earth’s crust
and therefere relatively easily obtainable (although
it must be processed). ‘ ‘ -

5599990

M-558) are
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FIBERGLASS

Majcr' aavantages of fiberglass include:
e itisalight welght material;

* it is a versatile design material which may be

molded into a variety of shapes;
e it is resistant toinsect attack;

for small structures it is considerably cheaper than

steel;
it is easy to install;
. it does not rust or rot;
e jtisself~extinguishing; and
© itis non-conducting.
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vMajor disadvantages of concrete may include:

€

it weighs two to three times more than wood of .=,
equivalent strength; X

= it is somewhat brittle for certain applications;
® -itis generally not salvageable;
¢ in some cases it is more expensive than al*erm.te

materials; and

the energy requirement for production of concrete
is generally somewhat more than that for treated
weoea produets. .

Major disadvantages of steel may include:

ooe

it vveighs mgmilcantly more than wood;

under some circumstances it is subject to corrosion:
it conducts electricity, interfering with communica:
tion systeras when used as ties and creating the
potential for accidental grounding when used as
utmty poles. In both cases proper grounding is
necessary;

it is gcx‘»trally more expensive than wood; and

o the energy requirement for production of steel is

Major disadvantages
e it has a tendeney to buckle under compression: in
* order {o support heavy loads, structures have o be

approximately 5000 Btu per cubic inch (for sheect
steel) .,somewhat more than Lhm for
treated wood products.

may include:

made very thick, thereby losing any weight or cost
advantage which might have been realized;

.® it conducts elccbzluty, and tzwrcfo*e requires

. e the

greunding; and

energy requirement for production  of
aluminum, approximately 12,000 BTU per cubic
inch for sheet aluminum, is higher than that lor
treated wood products,

Major disadvantages include:

C

N

¢ it lacks the stiffness necessary f@r hegvy structural

US£es;

o there is a tendency for scime resins to break down

after prolonged exposure to viiraviolet raciation;

® large fxborfmss structures {e.g., peles) are very ex-

pensive comparcd to wood.

s the energy requirement for preduction of fiberglass

is approximately 3000 Btu per cubicineh
"% 7 somewhat more than that required
treated wood produets.
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residue creosote.

Structural alternatives for creosoted wood. Depending on

the type and size of product desired, there may be alternative
struttura] materials which could replace preserved wood. These
include steel, concrete, fiberglass, aluminum, naturally, durable
wood and various experimental materials .such as.foamed glass.
Each of the materials present a different set of advantages and

disadvantages.102

Steel and concrete are used extensively in heavy construction

and other Targe building projects. Concrete railroad ties are
also being used successfully by some railroad companies. The
initial purchase and installation costs for concrete ties range
anywhere from two to three times as much as for wood ties.
However, an extremely long service life (estimates as high as
100 vears) and relatively low maintenance are anticipated for
these ties. Additionally, it is thought that rai1é will Tast
longer when.concreﬁe ties are used and that this would more than
offset the higher initial costs. Aluminum and ffberg1ass are

competitive for smaller products such as posts and poles.
A.3.3.4 Utilities

Thé electric and telephone companies servicing California
are the primary consumers of preserved wcod poles. Many times,

utility poles that are in place require the use of herbicides for

controlling grasses and weeds that can be fire hazards. Therefore,

a survey was made to determine the extent that creosote and weed

0i1 was used by the utilities in California during 1977 for
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dry poles. Emissions data is not available for the treatment et

preserving wood and controlling weeds.

Summary of the survey is detailed in Table A.3-13. Most of
the poles were treated with pentachlorophenol using the Ce]]oéﬁ
or DomﬁB> process which produces an "clean", dry pole that is esthe-
fica]]y acceptable or can be painted. The noteable exception to
this is the use of pentachlorophenol in a petroleum solvent by
Southern California Edison which set 15,000 poles in 1977 and
by Pacific Telephone whfch set a small number of poles in the
San Diego area.

It was reported that the dry poles treated by the‘Dow(‘BD
and Cel1o§® processes were subject to checking in a hot, dry
climate; therefore, poles treated with pentachlorophenol in

petroieum are used because they appeared to Tast longer than the

of these poles with pentachlorophenol in petroleum solvent because
volatilization loss studies were not found in the literature for
this treatment. However, the emissions would be small when com-
pared to the rest of the industiry which uses primarily penta-
chlorophenol with the Dow(E or Ce?]o§® treatment brocess with
virtually all the carries recovered from the wood after treatment
leaving only crystalline pentach]orophéno] in the wood.

Weed control was primarily accomplished with synthetic
herbicides although the Sacramento Municipal Utility District
did veport using 440 gellons of weed o0il. This use of weed o0il
is an exception to the general observed trend of an apparent
phasing out of weed cil use.

Because the large corporations have a greater ability to do R
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research and testing of materials, they are usually the trend
setters for the smaller companies. Thefefore, the assumption
is made that the unsurveyed smaller utility and telephone
companies serving the remeinder of the California population
and negligible quantities of weed oil, pentachliorophenol in

~petroleum or creosoted poles during 13977.

J
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TABLE A.4-1.

Acute Toxicity Data of Nonsynthetic and Synthetic Altermative Pesticides

-~
N
¥ ‘g? S D & o
ZT '»EJ ) S [ :." Oy '\‘" 5 g
-~ <5 @ S > L F
A3 L™ ~ RN —w & L
& P PRI Fale oS Ky §
@ & N QL8 Y & 5SS
Nonsynthatic
Insecticide and
Herbicide

Kerosene NR 50 2 rats (3)

Xylene NR - 4300 1 rats (4)

Coal tar creosote NR 725 1 rats (4)

Synthetic Insecticide
Chlorobenzilate NR 1000 1. rats (5) not stored
' in body fat

Endosul fan R 18 3 rats {6)

Kelthan NR 684 1 rats (5)

Carbophenothion R 30 3 rats (5) absorbed
through skin

" Diazinon NR 300 2 rats (5) may be
through skin

Ethion R 65 2 rats {5) may be

® through skin

Guthion R 13 °3 rats (5) absorbed
through skin

Malathion NR 1375 1 rats (5)

Parathion® R 25.6 3 mice (6)

Supracide R 66 2 rats (5)

Carbary1® R 104 2 mice (6)

Morestan NR 2500 1 rats (5) may cause skin

. irritation but is
® not a skin sensitizer

Omite ® NR 2200 1 rats (6)

Plictran NR 540 1 rats (6) irritating to

® eyes

Pydrin 457 2 rats (5)

Rotenone NR 132 2 rats (5)

Synthetic Herbicide
MSMA NR 700~ 1 rats (7) less effective
1800 under 70%F or less
Phytar NR 830 1 rats (7) kills weeds under
: water conditions
Ramnoa@ NR 710 1 rats (5) ‘
Trifluralin NR 5000 1 rats (7) strongly absor-
: bed in soil, very
) toxic to fish

Diuron NR 3400 1 rats (7)

Tenoran NR 3700 1 rats (5)

Linuron NR 1500 1 rats (7) short 1ife in
soil

Terbacil NR 5200 1 rats (7) long residual

Prometryn NR 3750 1 rats (5

Sencor NR 1937 1 not (7) pre-emergence and

specitic early post emergence

DCPA NR 3000 1 rats ) '

DNBP NR 58 2 rats (5) toxic to fish and
birds, absorbed
through skin

Paraquat R 157 2 rats {5) drift hazard o,
susceptible crons,
high inhaiation
toxicity

CeIC R 3890 13 raEs (;) irritating to eyes

rats rr >

Endothal iR % nose, skin & throat,
safe to fish

-25® NR 3630 1 rats (7) short residue .
gg}BPE%ammonium NR 58 2 rats (Z) absorbed through

salt ‘ skin .
i j 1 o0z. lethal to {7) nighly corrosive

Sulfuric Acid NR oras humans to metal, skin,clothing

Tedion MR 14700 480 1 rats (5)
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TABLE A.%-2.

Reported illness and Iniuries which Occurred among Workers
Associated with Honsvnthetic and Synthetic Pesticides in 19772

Number of cases reported, type of illness or injury {occupational code in parenthasis)

. Total
Pesticide Systemic Sub- Eye Sub- Skin Sub- Eye & Skin Sub- Casas
ITiness total Injuries total Injuries total Injuries  total Reportad
1977
Nonsynthetic Insecticide
Creosote 3(4) 3 13(4) 13 22(4) 22 2(4) 2 40
Dormant Spray 1(21) 1 1
Nonsynthetic Herbicide
Weed Qils 3(1), 3(13), 8 1(8), 1(10), 29 7(1},1(8), 12 1(5), 1(14) 2 51
2(27) 3(1), 1(7), 2(13),1(18)
2{11),1{24) 1(22)
20(13)
Synthetic Insecticide
Haiogenated Hydrocarbons
Chlorobenzilate ) 1) 1 1
Endosul fan 1421),1(31) 2 1{18),1(21) 2 4
Kelthand® 113),2(27) 3 D, 30 1 7
1{i8 : :
Qrganophosphates
Diazinon 1(1),2(8), 18 1(10),1(13), 8 1{1),1(5), 5 1(18) 1 32
1(13),1(14), 1(14),4(16), 1(11),1(16),
1(16),1(17), 1(32) 1(27)
1{(26),8(27),
1(29),1(32)
Ethioé@ 1{21) 1 1
Suthion® 1(6),1(7),
3(28),2(32) 7 1(9) 1 8
Imidan(E 1(1) 1 1) 1 . 2
Malathion 1(5),2(11), 9 1(1), 1(8), 6 1(1) 1(18), 7 22
1(16),3(17), 111),2(16), 1(163,2(17),
1(26),1(32) 1(18) _ 1(27),1(32)
Naled 2(21),2(22) 4 2(01),1015) 3 1(1),1Q12) 2 9
Parathion 9(1), 2(7),. 49 1(1),1(8) 2 1(1},1(28) 2 53
3(8),24(21), ’
1(22),1(23),
* 1(24),4(26),
3(31)
supraciae® 121),1(26) 2 2
Carbamates
Carbaryl 1Q1),1(18), 4. 1(1), 1(9), 4 1(1), 2(8) 3 1
1(22),1(32) 1(16),1(27)
Methomy1 6{1),1(6), 45 6(1), 2(8), 9 55
2(8), 12(9), 1(25)
2(18),2(21),
3(22),1(23),
1(24}),2(26),
7(28),3(30),
1{31),3(32)
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TABLE A.4-2.

(Continued)

Reported I111ness and Injuries which Occurred among Workers 2
Assaciated with Nonsvathetic and Synthetic Pesticides in 1977

Number of cases repurtéd, type of illness or injury (occupational code in parenthesis)

Total
Pesticide Systemic Sub- Eye Sub- Skin Sub- Eye & Skin Sub- Cases
I1iness total Injuries total Injuries total Injuries total Regg;;ed
Miscellaneous
omi £ &1y, 3(21), 9 D) 1), 16 25
1(23),1(32) 1{17),12(21},
1(24) .
Plictrar® (1) 1201122y 3 4
Synthetic Herbicides
Organoafsenates
MSMA 1(1), 1(8), 3 2(1),1(23) 3 (1) 1 7
1(32},1(10),
Phytar 1(10) 1 1(11),1(32) 2 1(11),1(32) 2 5
Ramrod® TORIES - 2
Dinitroanilines
Trifluralin 2(21) 2 1(1),1(23) 2 1{1), 1(28) 2 6
/»~\ Arvlaliphatic Acids
\ Dacthal® 1(21) 1 1
7 Pnenols
DNBP 1{32) 1 1(28),1(26),
1(32) 1(24) 1 5
Bipyridyls
Paraquat 3(1), 1(8), 6 3(1), 1(5), 8 3{(1), 1(8), 5 1(12) 1 20
2(28) 1(8), 1(9), Hm
1(18),1(24)
Endothal 17) 1oEn 1 2
TOK-ZS‘E 1(21) 1_ 1(23) 1 2
’ 18
3lyzhosate 3(1), 1(2), 5 3{1), 1(2), 8 3(1), (M), S
it (223, 1(8).2(11) 1(8)
1(12)
v«andex(D 1{18) 1 (1) H 2
TOTALS 187 107 99 6 399
(1) Ground applicator (farm) (12) Garden Maintenance, (22) Outdoor worker exposed to
(2} Ground applicator (road) golf course drift
(3) Mosquito Abatement worker (13) Garden/maintenance, (23) Tractor driver/irrigator
(4) Creosote worker public buiiding (24} Cleaner/repairer
(5) Other applicators (14) Garden maintenance, (25) Packer/processor
(6) Aerial appiicator comrercial bldg. (26) Warehouse worker/transportation
(7) Mixer/loader, (application (15) Termite operator (27) Indoor worker 2xposed to
(8) method not stated) (16) Other structure drift or resjdue
N (8) Mixer/loader, ground (17) Nursery/greenhouse, (28} Firemen exposed to pesticide
ﬁf applicator drift or residue fires or spills
M (9) Mixer/loader, aerial (18) Nursery/greenhouse, (29) Policemen
> applicator pesticide applicator (30) Flagger
{10} Garden/maintenance,home (19) Field fumigator (31) Manufacturing/vormulacion
(11) Garden/maintenance,.parks {20) Fumigator, cther {32) Other types of pesticide use

Field worker axposed
to residue
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TABLE A.3-7

Total Annual Cost of Nonsyathetic Pesticide Treatments for Selected Uses

Nonsynthetic {Recommended |av. Cost Total Ne. of Annual Cost of WopplicationiTatal Aanyal F977 Estimated
o011 Application fof 011 Application|{Appiications Recommended Material Cost Cost Tocal Annual
Rate (S/gallan){Volume 011 Application|(§/acre} (S/acre) (s/acre)© Lost (S/acre)
(gal/acre) (gal/acre) Volume
(gal/acre)
Aifalfa
weed 011 o 25-70 50 75-210 1 25~70 12.5~ §.00 17.5-40.0 15.75
: 37.¢
Summer
Desiccationi A 15 .50 15 1.25 18.8 g.4 3.10 12.50 13.09
Carrot
Weed 0i1 ¢ 30-50 .50 30-30 1.25 37.5-62.5 18.8- 3.50 23.1-35.6 66.54
3.3 .
50-100 70 50-100 1.25 62.5-125 43.8- 4.00 47 .75-91.5
87.5%
Avocado .
Weed 0il D 30-60 0.50 30-180 2.5 75-150 37.5- 4.00 47.50-85.00 §4.73
75 .
Cizrus -
Weed 011 D 30-60 0.50 30-180 2.5 75-159 37.5- 4.00 47.50-85.00 38.56
75
Almond 5
Cormant 0 12 1.00 400-450 i 12 13.7b 10.00 53.05-69.65 59.45
c 8 100 1 8 13.2 5.00
Foliar 0f1 {0 ¢-§ 1.58 400-450 2 8-12 14.0- 10.90
20.4°
c 4-& 100 2 8-12 14.0- 5.00
20.40
Apricot
Fofiar C11 0 a 1.58 400-450 3 26443 42.76-h 10.00 72.94-82.43 51.20
69.62
Paach §
Nectarine
“Foiiar 0t} ] 2 1.58 400-450 & 16-30 26.12-b 10.00 6§6.12-88.24 83.25%
48,24
¢ 2 100 4 21 35.80 £.00 75.80
Plum % Prune
Foliar 011 0 a 1.58 400-450 4.25 16-30 40.85~ 10.00 83.35- 78.00
§2.97% 165.47
[« a 100 1.25 13.8-20 27.0-~ 5.00 48.3-58.0
36.7°
Pear .
Foliar 041 b} a 1.58 400-450 4.2% 32.40 £d.60~ 10.00 97.10~- 125.3¢0
‘ 67.24 109.74
c a 100 4.25% 17 63.2b 5.00 64.5
Citrus . .
Foliar Qi1 23-26 1.58 1,5CC 1.25 29.2-32 45.42 10.00 §7.9-63.8 56.71
’ S1.
t
School Cistrict 33-70 2.50 30-100 2 60-160 3%6085 4.00 38.00-338.00 42.380
Weed Controll ‘
Unclassifiag 30-20 a.s0 30-100 2 60~160 30.00~- 4.00 38.00-38.00 87.50
e . 80.00 )

- Aerfal

(=R T
.

oanow

Soray
Concentrated Soray
- Dilute or Hign Volume Spray

494

Quantity of ail applied per acre is the same as Teole 7-3.
Includes the cost of synthetic materials.
Saseg on recommended aoplication rate.

1977 estimated total annual cost was calculated witn 1377 values for application rates.
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A.4.4 AIR QUALITY IMPACTS ASSESSMENT
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TABLE A.4-9
Estimated Emission Reduction from Oifferent Alternatives in San Joagquin County
Crop and Estimated Synthetic Pesticides Aoplication Mathods 1PM
Calendar Quantity 0i] Reduction 911 Reduction U311 Reduction .
Quarter Appiied Application [Emission (Wean} [Applicationjcmission Apolication (Applicacion | Emission
(pounds) (%} {1bs) {(ibs)- (%) {1bs}) (1bs) (%) (Ranga) (Kean) (Mean)
{1bs) {1bs) (1bs})
Orange
ist (1] 100 1] 363V 4,5 0 45 £5-0Q 0 4] 245
Sp "
2nd 0 " 0 394 LY 12.5 4} 49  145-90 0 0 266
. Sp T
ard 5,268 | " §5.268 3,797 4LV . 658 475 45-90 2,371~ 3,556 2,563
12.5
Sp 4,741
4th 2,634 | " 2,634 2,282 LY 12.5 329 285 45-9¢ 1,185~ 1,778 1,540
Sp ) 2,371
Almond
. 1st 1,110,231 | 0 0 Q LY 12.5 138,779 97,164
2nd 117,699 {0 Q 0 LY 12.5 14,712 29,741
3rd 0 0 0 ] LV 12.5 0 1,641
4th ] 0 0 [ LY 12.5 0 108
Peach
st 102,882 |3 3,086 2,441 LY 12.5 12,860 10,885
2nd 2,881 | " 86 252 LV 12.5 360 1,110
3rd o " 0 1] LY 12.5 )] 6
4th 439 | " 13 0 LY 12.5 55 52
Pear
ist 25,325 | 25 6,331 3,004 ILV 12.5 3,166 2,174
2nd 2,190 ¢ " 548 1,141 1LY 12.5 274 736
3rd 0 " 0 97 [LY 12.5 0 32
4th 0 " [v] 14 |LV 12.5 1] 17
Plun
Tst 11,662 | 2 233 181 Ly 12.5 1,458 1,131
2nd 1,296 | " 26 55 |LY 12.5 162 345
3rd . ] 2LV 12.5 15
4th 0 . 0 (] LV 12.8 o 0
Alfa2lfa :
1st 5,853,116 | 50 3,926,558 2,217,824
2nd 0 v 0 398,487
3rd [ " 0 6,737
4th (] “ 0 Q
Carrot .
ist 15,120 | 48 7;258 6,877
2nd 35,120 17,338 16,616
3rd 24,360} " 11,683 11,268
4tk 16,800 | * 8,064 7.696
School Ofstrict
1st 14,732 | 50 7,366 6,955
2nd 20,8334 " 10,417 9,891
3rd 17,542} 8,771 8,363
4th 8,006 " 4,003 3,790
Weed Control
Unclassitiea
1st 2,659,951 | 754 1,994,963 1.881,%20
2nd 12,490,600 * 2,367,950 8,897,367
3rd 5,109,127 | * 3,831,845 3,655,603
4th 2,844,703} * 2,133,527 2,018,427
QUARTERLY TOTALS
1st 2,811,718 5,945,795 4,119,565 156,263 {111,398 1] 245
2nd 12,671,619 9,652,210 9,324,193 15,508 | 31,981 0 266
3rd 5,156,297 3,857,577 3,685,864 658 2,229 3,556 2,563
4th 2,872,582 2,148,241 2,032,209 384 459 1,778 1,540
TOTAL 29,612,216 21,603,823 1 19,161,831 172,813 | 146,068 5,334 4,614

LY = Low volume sprayer application,
Sp = Improved coverage sprayer application.
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Estimated Emission Reduction from Different

TABLE A.4-1Q

Alternatives in Monterey County

—~TN

Crop and Estimated Synthetic Pesticides Application Methods
Calendar Quantity 0il1 Reductien 011 Reduction
Quarter Applied Application {Emission (¥ean) jApplication |fmission
(pounds) (%) {(1bs} " (1bs}- (%) (1bs) (1bs)
Apricot
Ist 11,271 1 0 0 0 Ly 12.5 1,409 1,098
2nd Q " 0 0 Ly 12.5 0 156
3rd 0 " 0 0 LV 12.5 0 17
4th 0 " 0 0 LV 12.5 0 0
carrot
ist 1,437,601} 48 690,049 652,964
2nd 2,247,146 " 1,078,630 1,024,439
3rd 1,903,675] " 913,764 | . 588,844
4th 0 " 0 0
School District
1st 10,8831 50 5,442 5,136
2nd 15,401| " 7,701 7,288
3rd 12,960 " 6,480 6,144
4th 5,817} " 2,95¢% 2,796
ldeed Contrel
Unclassified
ist 2,154,758{ 75 1,616,069 {1,583,305
2nd 10,503,047] " 7,877,285 [7,452,779
3rd 7,307,418 " 5,480,564 { 5,194,178
4th 2,395,802 " 1,796,852 (1,696,955
QUARTERLY
TOTALS
1st 3,614,513 2,311,560 { 2,241,405 1,409 1,098
2nd 12,765,594 8,963,616 | 8,484,506 0 156
3rd 9,224,053 6,400,808 { 5,789,166 0 17
4th 2,401,719 1,799,811 11,699,751 0 0
%OTAL 28,005,879 19,475,795 (18,214,828 1,409 1,271

LY = Low volume sprayer application.
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A.5.0
STATEMENTS CONTRIBUTED BY PROJECT CONSULTANTS
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Statement on the use of NSHC herbicide use on selected vegetable row crops

prepared by Mr. William Harvey, U.C. Cooperative Extension Weed Specialist.
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BACKGROUND IN THE USE OF OILS AS
GENERAL CONTACT HERBICIDES.

Use of weed oils on non-crop areas such as roadsides, fence rows,
ditchbanks, around farm buildings and storage yards, rights~of-way, and in-
dustrial areas has been an accepted practice'for many years in California.

It is a major use of these oils}

The use of oils as general contact herbicides developed because they
were available in California, cheap, and gave good control of most weeds,
including grasses. An important characteristic of oils is that they wet plant
surfaces readily and creep into the crowns of grass plants. Early weed oils
were crude diesels or heavier fractions, or heavy ends resulting from refining
processes such as cracking or solvent extraction. They were of little com=

mercial value at the time and sold cheaply as smudge pot fuel or bunker

grade fuel for ships.

Smudge pot oil was used for many years for weed control in Southern
California because it was available and cheap. ~ It resulted in the development
of non-titlage in citrus groves. Diesel fuel was widely used by many ranchers
not only for general weed control but also in orchards, again because it
was available from theijr same bulk tanks that provided tractor fuel.

With changes in refining practices and increasing demand for motor fuels
wifh more exacting requirements, it was foﬁnd that not all oil fractions were
good weed killers. The demand for oils for weed killing purposes had, however,
developed to the noint that a number of o1l companies found this market worth
daveloping and provided oils, at a price, that were consistent in their
properties for killing weeds. Early research such as that of Crafts and
Reibeﬁ-2 resulted in a better understanding of what was needed to make an oil

useful as a herbicide.
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In general it was found that for general contact activity, the oif
should have a high percentége of aromatics, a low unsulfaonated residue (U.R.)
and an A.P.I. gravity somewhat below that of diesal. There are still no
exact specifications for a general contact weed oil. Some companies prepare
specific oils for the purpose-whi1e others use a particular refining cut
that has no other greater economic value. As crude.oi1 has increased in
‘price and factions such as gasoline and diesel oil become more valuable, the.
price of weed oils has likewise increased and this increase in cost is Tikely
to continue. At the same time, quantities are 1ikely to decrease as new
refining techniques produce a higher percentage of more valuabie fractions.

Other methods of weed control on non-crop areas include hand hoging,
mowing, discing or other mechanical cultivation, and flaming or burning, All
have some disadvantages, such as cost, soil disturbance and ﬁrosion, air T

. N
poliution from smoke and dust and difficulty of operating eguipment in meny
non-crop areas. Biological control is at present effective on only a very
few weed species on non-crop land. Russian thistle is controlled to some
extent in certain areas of the state but not in cthers.

Weed 01l is probably the safest of the herbicides Tor general use in
many nori-crop situations although some substitution can be mada with various
of the aiternative herbicides listed. The price increases alone will result
in reduced oil use for weed control. Specific weed problems can often be
handled by cther methods but may result in other species becowming a prab?@mm‘

A combination of two or more of the other methods may be the best substitute
for the highly non-selective weed 0il. Use restrictions such as permits
and required cleosed system sprayers will discourage use of certain of the

substitutes. Cost for substitute methods vary widely with the specific weed fHE
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problem or use but become less critical as the price of weed 0il increases.
Numerous substitutions could be made with but 1ittle differences in cost to

the grower at present prices. Lack of availability (rather than price

concerns) of weed 01l will most likely force a shift.

Carrots

The major herbicide for weed control ih carrot production is a light
oil fraction usually marketed as "carrot oil', stoddard solvent, or 350 thinner,
with an A.P.I. gravity of 38° or above. It is applied as a broadcast spray
with a ground rig at 40-80 gallons per acre using relatively large nozzles
and a spray pressure of 40-80 p.s.i. It may be applied preemergence 2-3
days before the crop emerges but after the weeds have emerged, although the

usual application is postemergence when the carrots are in the 2-4 Teaf stage

and the weeds are no more than 2 inches high. A second application may be

necessary on some fields. The monthly use pattern of reported F-10 oils used
on carrots curing 1977 is shown in Figure A.5-1.

Most seedling weeds, except those in the carrot family, are controi]ed
by the oil spray, and it is espacially effective on yellow nutsedge an in-
creasingly important weed in agricultural areas. Disadvantages to the oil
spray are the large volumes of oil required, tha fact that it is a contact
spray that kills only the weeds that have germinated, and the possibility of
an oily flavor in the carrots if a heavier oil fraction is used, if the spray
treatment is delayed or the carrots harvested early as bunching carrots.

Costs of the oil vary with volume used but are approximately 70¢ per
gallon (and increasing). Application cost will vary with Jocality and acreage
treated but are $6-3$8 per acre. It is not a cheap treatment.

If weather and field conditions permit, an early postemergence treatment
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when weeds are small may allow the lower volume of oil to be used, but all
the weeds must be wet with the spray. And Tater germinating weeds may
necessitate a second treatment. Current practice may include a second,
later treatment with Tinuron (LOROX(33 or chloroxuron (TENORAN G%. These
are possible alternatives in their own right but are not total substitutes
for the early oil spray. Both are more efféctive on broad-leaved weeds
than on grasses and are ineffective on yellow nutsedge.

Linuron is usually applied postemergence after the carrots are 3 inches
high and in the 4 leaf stage at rates of 3/4-T% 1bs/acre as a broadcast
spray in 40-60 gallons of water per acre, The Tower rate should be used on
light (sandy) soils and there is a 4 month restriction against planting
succeeding crops other than theose on the linuron label. It is not effective
on yellow nutsedge, Russian thistle, and some of the annual grasses. Although
it may be used as the only herbicide treatment on carrots it is most often
used, following an early oil spray, to give control of later germinating weeds.
It fails as a substitute for oil because of lack of control of nutsedge and
the lack of statewide availability (it is currently not sold in Kern County).

The cost of the chemical is about $5.00 per pound, aﬁd has the same
application cost as for oil. Linuron has seme foliage activity but mest of
its effectiveness is through root absorption,and it is thus not directly
camparable to oi1ﬂ‘

A somewhat similar alternate herbicide is chloroxuron which may be used. .
at 2-4 pounds per acre either preemergence or postemergence after the carrot
plants have formed true leaves. Irrigation may be necessary if no rain falls
immediately after application as a preemefgemce treatment. It is not effec-

tive on soils high in organic matter such as peat or muck soils. Numerous
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weed species are not controlled, including sow-thist]e, sweet clover, nutsedge
and certain grasses. There may also be a soil residual for several months
which could affect subsequent crops. Again, it is usually used to follow an
oil treatment. The cost of thechemical is about $11.00 per pound and there
has been a recent announcement that the chemical will no longer be manufac-
tured. This will make the continued availablity of stoddard solvent even
movre vital to carrot producers.

Another herbicide used on carrots is nitrofen (TM(G%. It is applied
as a broadcast spray at 6 pounds per acre in 40-60 gallons of water, either
preemergence or postemergence 2 weeké after the carrots emerge. It has a
short residual in the soil and is rendered ineffective by cultivation. It
does, however, work well under sprinkler irrigation. Numerous weeds are
resistant, including mustards, chickweed, groundsel and some annual grasses. ‘/“3
The‘cost is $6-$7 per pound. In some areas there is limited use of trifluralin
(TREFLANgbat 3/4-1 pound per acre applied preplant and 1ncbrporated into the
soil. It is not effective on nightshade but gives-good late season grass
control. The cost is about $10.CO per pound.

In summary, none of these herbicides really substitute for stoddard
solvent in providing adequate weed controi‘in carrots, particularly in the
very early growth stage. They are of use in‘addition to the oil treatment to
give a longer period of control. The further question of continued availa-
bility of both linuron and chloroxuron limit their possible use to replace
oil.

Weeding costs with hand labor in the past have run to $300.00 per acre
and would be greater today if hand labor was available. There are no bio-

logical controls for the major weed pests of carrots today although a ' T
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possibility has been recently reported for nutsedge. At the very best this
is several yeérs in the future.

Machanical cultivation is useful and is used between the rows or beds
of carrots but cannot handle the weed problems near the young plants where
competition is most severe.

At present there is no acceptable alternative to stoddard sclvent for
weed control in carrots. Increasing cost of oil w1i1 1imit its use to situa-
tions where it is really needed. Synthetic herbicides are also increasing in
cost and the astronomical costs of registration of new herbicides provides

a dim future for possible new carrot herbicides.

Celery

The pattern of oil use on celery is different than on carrots in that
it is more often used preemergence or pretransplant. Celery is less tolerant
of the oil used postemergence than are carrots. The total use in the state
is very much less for celery although the PUR shows & larger acreage treated

with the stoddard solvent than with any other herbicide. The monthly use

pattern of reported F-10 o0ils used on celery during 1977 is shown in Figure A,5-2.

The o011 serves a valuable purpose, however, in providing early season weed
control, particularly of nutgrass;

Although not substitutes for stoddard solvent, other herbicides are used
in celery as common practice. Probably the most widely used is prometryn
(CAPARd@% applied at 3.2‘pounds per acre broadcast on itransplanted celery
enly within 2-6 weeks after transplanting. It gives good control of chickweeds
and groundsel but is weak 6n control of grasses. The cost is about $6.00 per
pound.

Nitrofen s used on celery at the same vrate as on carrots. It can be

o,
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used on direct seeded celery 2 weeks after emergence or on transplants 2 weeks
after setting. Other comments under carrots apply.

Chloroxuron is used at a lower rate (2 pounds) postemergence broadcast
to direct seeded celery in the 2 leaf stage or celery transplants 2-6 weeks
after transplanting. In both cases there is a restriction that stoddard
solvent should not be used within 2 weeks before or 3 weeks after chloroxuron
application. This almost eliminates the combinationlof treatments particularly
on direct seeded celery.

Both linuron and trifluralin are registered for use but not widely used.

Cultivation is somewhat more important in celery since soil can be
thrown into the celery row more readily than it can with carrots and thus
provide some weed contro1.

Although much Tess o0il is used on celery than on carrots it neverthe~
1ess serves an important role in early season weed control and should be re-
tained. Growers are already making good use of other herbicides where they
can be used. Comments on costs, biocontrol and outlook for new herbicides

are the same as discussed under carrots.

Onions
There is Tlimited use of stoddard solvent on onions although it can be

used preemergence 2-3 days before the crop emerges or at Tow rates 30-40 gal]ons'

per acre postemergence boradcast up to the "hook" stage when temperatures are

below 75° F. o I

Probably the nearest to a substitute for the o0il is the use of sulfuric

acid in 30 gallons of water. It is applied postemergence when onions are 6-8

inches high with snecial spray rigs. Because of the corrosive nature of the acid,

great care must be taken in handling and spraying the material. The
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usual spray rig for sulfuric acid carries a tank of water and & drum of con-
centrated acid. The water is pumped through a venturi that picks up and mixes
the acid just before it goes into the spray boom. Acid resistant nozzles,
boom and fittings are required from the venturi mixing chamber outward.
Commercial applicators equipped for acid spraying and knowledgable of the
hazzards are usually employed.

Sulfuric acid is not very effective on grassy weeds and some tip burn of
the onions may occur at temperatures above 80°F. In spite of these disad-
vantages, a sizeable number of growers use sulfuric acid as an herbicide.

The most common herbicide used on onions is DCPA (DACTHAL<33 as a
preemergence application at the time of seeding or transplanting. Rates of
6-10 pounds per acre in 50-75 gallons of water are used with the lower rate
on light soils. This herbicide needs incorporation or sprinkler irrigation
to carry it into the soil for best results. Several common weed species are
tolerant of DCPA, neverthless, it has been widely usedf The cost is abocut
$3.00 per pound.
| . Both chloroxuron at 2 pounds and nitrofen at 4 pounds are also used on
onions (see details under carrots) with the caution that chloroxuron should
not be used on light sandy soils with less than 1 percent organic matter.

Dinoseb, ammonium salt under several trade names is also used con onions
at 3/4-1 1/2 pounds in 20-60 gallons of water per acre postemergence at the
2 leaf stage. It is a foliage contact material weak on grasses and should
not be applied at temperatures above 75°F. Care must be used in handling
because of its toxicity.

Again, oil use on this crop is relatively minor but important where
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needed. It is much more effective in controlling grasses than either of
the other contact herbicides, sulfuric acid or dinoseb. Possibly sulfuric
acid use could be expanded to replace some of the oil but would require more
trained and equipped operators to maximize safety and still would not be
effective where grasses are a major problem. |

The monthly use pattern of reported F-10 oils used on onions during

1877 is shown in Figure A.5-3.
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Statement on NSHC pesticide use on deciduous fruit trees prepared by Mr. John

Dibbie, U.C. Cooperative Extension Entomologist.
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Non-synthetic Hydrocarbon Pesticide Use on Deciduous Tree Fruit

1.

The use of horticultural spray oils on almonds, peaches, nectarines,
apricots, plums, prunes and pears is principally as a dormant or de-

layed dormant application {Dec.-Feb.). Applied at 6-8 gallons/acre,

these oils are combined w{th an organic phosphaﬁe compound (mbst1y
Parathicon, Diazinon or ImidanQ§)anixed with 50-500 gallons of water per
acre, When aircraft is used, a total of 10-22 gallons: of spray mix

is applied. Air applications are not usuai]y by checice but rather

because orchards are too wet to enter with ground air carrier sprayers.
Approximately 95-98% of all orchards receive this treatment. The principle

target pests are Peach twig borer, Anarsia lineatella (Zeller), San Jose

Scale, Quadraspidiotus perniciosus (Comstock) and European red mite

‘&z.:..;j

eqas Panonychus ulmi (Koch)., 0i1 plus the organic phosphate work
together (oi1 aiding in coverage and penetration) in kiliing peach twig
borer and San Jose scale, whereas oil alone coats and sufficates mite
eggs. Pear psylla adults are also a target treated with oil alone.
Death occurs as a Tactor of suffocation and gaseoué exchange inhibition.
The above oil rates relate to the highly refined and narrow ranges oil.
When dormant oil emulsion or dormant emulsive oils are used, 1%-2 times
the amount of oil is used. These Tlatter cils are the old spray oils
that are used progressively less each season and probebly amount to less

than 20% of the total oil used in the dormant stage.

There are presently no alternative methods of applying oil which could
result in reduced applications. Generally, we encourage the use of

narrow-range type spray oils since they do not disrupt the orchard
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environment. It would appear that we probably cannot reduce the amount
of total spray oil used. In fact, we would like to encourage its use
through the growing season. Obviously, we can reduce the amount of
total gallons of spray oil used per acre if we switch totally from the
poorly refined dormant and summer oils that have been used in the past.
This is done simply through the use of more efficient higher refinad
narrbwnrange tvpes. Also, by switching to low volume or concentrate
spraying we can reduce the total amount of any oil ﬁer acre by approki-.
mately 25%. This technique of application eliminates high gallonage

run off and thereby eliminates a certain amount of waste.

There are alternative synthetic organic chemical pesticides that can
substitute in almost every case where oils are used., However, the
efficacy of using an organic by itself in the dormant treatment is
~generally poor and in our thinking not up to performance standards.
Only cne product, Supracidg? is recommended as & dormant treatment for
peach twig borer and San Jose scale without the addition of oil. Even
this pmduct5 however, performs better combined with oil. Other than
dormant treatments with oil there is presently no product that will
control European red mite eggs. As we move into the growing season,
0ils may be used alone for scale and mite control or again they may be
combined with organic phosphates for peach twig borer and scale control.
If we substitute a compound in the place of il for insect and mite
control rathef than using oil, we probably would not result in increas-
ing the number of applicaticens for total pest control. Even though the
grower may not realize as good a control without the addition of oil,

we would probably not make an additional application but rather sustain
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5&6.

the 5-10% loss in production quality or yield.

In my opinion, there are no alternative control methods to substitute
for the present usage of oil such as those you 1ist - biological

control, sanitation, cultivation, or burning. Each of these alter-

~natives has a place but generally, they are somewhat limited in

practicality.

Integrated pest management has been our aim with each of the deciduous

tree fruit crops to emphasize oil usage as much as possible. Even

though the use of oils alone for mite control or worm egg suppression

mey not be as spectacular in control as are some of the synthetic com-

pounds, it is our hope that the lesser degree of control can be worked

into a buyer-consumer acceptance. A distinct advantage of oils in Ty
regard to mites is thét there is no known resistance and the cost of

the product. The saféty of handling and relatively quick breakdown

are 211 pluses for the encouragement of oil usage. We aiso find that

not only do synthetics perform somewhat better when oil-is added to

the application (this is probably true because of better spreading,
penetration and weathering), but droplet size is also maintained more
uniform than non-oil combination sprays. As to oils causing planf
damage, we rarely see this problem when used as according to directions.
There are definitely some compounds that oil cannot be used in combina~
tion with or shortly before or after. These phytotoxic combinations

are well defined, appear on the label, and are generally common know1edge.
There are some trees or tree conditions, howeyer3 which we must warn \

growers that phytotoxic problems may result with oil use.

g’
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For instance, dormant abp1ications on plums and prunes should be
delayed until February, and the use during the summer of oils may cause
leaf injury on trees suffering for moisture. The latter situation is

especially true with almonds.

Since it would be difficult to find anybody that would argue with the
effectiveness of dormant oil treatment, most likely the only argument
for oil substitutes would occur during the growing season., And this
specifically would only be in the use of oils in mite control. Such

0il sprays are directed at the European red mite, 2-spotted and Pacific
mite (the latter two are our most serious summer mites). Where popu-
lations are severe, oils are a seéond best to such miticides as Ph‘ctran®
and Omitqu Growers in these cases would best be advised to utilize
these latter miticides rather than oils. However, if a grower is ob-
servant and treats the initial low population of thesé summer mites with
0il, and continues to do so thrcugh the season for 2 or 3 applications,
0ils can be very effective and with such Tow rates as 1-2 gallons per
acre applied in 50-100 gallons tota1 spray. Such oil applications

would not necessarily have to be applied by themselves but would most
1ikely go on in comhination with a synthetic compound being used for a
worm or bug problem. Although this low rate of oil applied 2 or 3 times
during the season would mean more applications per season for mites
since oil has no residual activity, it would keep the population down to
a 1eve1.that no plant injury would he sustained. In contrast to this
program, most growers apply the miticides'P]ictraéE%r Omité:%n1y after

the population has risen quite high and obviously caused some tree injury.
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: \L%i‘j;%‘lf either of these above programs are used, we don't expect to have a )
croﬁ yield effect, especié]ly if the synthetic miticides are used a
second time where mite popu]ai?ons return, However, if the cost of
the synthetic product is too high, which can be the case for the small,
medium sized grower, he generally will not apply a second synthetic

application. In this case, the mite population can have an effect on

the current season's yield and quality and possibly bud production

the following year;
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